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FOREWORD

The work described herein was undertaken as a part of a larger
study of the impact of vehicle and traffic laws on pedestrian and bicycle
accidents. The effort was supported by Contract No. DOT-HS-6-01411
with the U.S. Department of Transportation, National Highway Traffic
Safety Administration (NHTSA). The first part of the contract,
described in a separate report entitled "Evaluation of Existing Pedestrian
and Bicyclist Regulations," catalogued a large set of vehicle and traffic
law provisions and qualitatively assessed their potential impact on
pedestrian and bicycle accidents. The current report is totally
independent and covers an in-depth examination of the effects of adopting
generally permissive ("Western Rule") Right-Turn-On-Red (RTOR) laws
on subsequent pedestrian and bicycle/motor vehicle crashes.

The overall goal of this project was to reduce the uncertainty
concerning the effects of RTOR on pedestrian and bicycle accidents, and
to provide quantitative and qualitative descriptions of any safety problems
identified. The statement of work for this contract specifically required
the exclusive use of existing police accident data. Thus, no on-site
investigations were conducted. By design, the study focused only on
RTOR implementation effects in jurisdictions located east of the Mississippi
River and was concerned solely with the effects of Western rule RTOR on
pedestrian and bicyclist accidents.

iii
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ADDENDUM

A major purpose of this project was to examine the effects of the Western
Right-Turn-On-Red {(RTOR) law upon pedestrian and bhicyclist accidents at
signalized locations. As indicated in the report there is a small,
well-defined accident problem in bhoth areas.

The reader is alerted to the fact that throughout this report the
Contractor has chosen his words carefully when describing measures of
RTOR accidents. In order to compare differences in pedestrian or
bicyclist accident rates prior to and after implementation of the RTOR
law, - an indirect measure -- right—turning accidents at signalized
locations =~ was used. Prior to implementation of the law most of the
right—turning accidents were presumahly on the green-signal phase,
whereas after implementation, right—turning accidents occurred on hoth
the green— and the red-signal phases. The more direct measure —— RTOR
accidents on the red-signal phase —~- was also used when the Contractor
was determining the extent of the problem for pedestrians and bicyclists
after implementation of the law. Both types of measures are needed to
address specific issues.

The report findings show large percentage increases in right—turn
accidents at signalized locations after RTOR (e.g., increases ranging
from 43% to 107% for pedestrians, and increases ranging from 72% to 123%
for bicyclists in the three states studied.) Given these increases in
the two accident problems, it is also of interest to show their
contribution to the total pedestrian and bicyclist problems in the states
examined: ,

) As a percentage of. all pedestrian accidents, right—turning
accidents at signalized locations went from 1.47% (before RTOR
implementation) to 2.28% (after implementation), a 55% increase.

o As a percentage of all bicyclist accidents, right=turning
accidents at signalized locations went from 1.407 (before implementation)
to 2.79% (after implementation), a 99% increase. '

These calculations were accomplished by dividing the total number of
right-turning accidents at signalized locations in the three states hy
the total number of all pedestrian or hicyclist accidents in those states.
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This study examined the pedestrian and bicyclist accident experience
associated with "Western" Right-Turn-On-Red (RTOR) laws in selected
jurisdictions. RTOR laws in the "Western" or "permissive" version allow the
motorist to make a right turn on a red signal unless specifically prohibited by
a sign. This form of RTOR is referred to as "Western" RTOR since it has
long been common in the Western States or "permissive" RTOR since it
generally permits the maneuver unless a sign prohibition is posted.

Although RTOR laws require the motorist both to stop and to yield to any
pedestrian or approaching vehicle in the intersection before turning on red, it
had been postulated that pedestrians and bicyclists might be at increased risk
under Western RTOR because of the inherent attention conflict for the turning
driver. In particular, since the driver preparing for a RTOR is typically
watching for traffic from his left, he may not see a pedestrian or bicyclist
coming from his right.

This concern over the possible negative impact of Western RTOR on
pedestrians and bicyclists prompted the National Highway Traffic Safety

. Administration (NHTSA) in conjunction with the Federal Highway Administration

(FHWA) to sponsor this research study. The study focused on accident
experience in the States of New York (1974-78), Ohio (1974-79) and Wisconsin
(1973-79) and in the City of New Orleans, Louisiana (1973-3/31/78). For
comparison and to look at a long-standing Western RTOPR situation, data from
the City of Los Angeles, California (1973-78) were obtained and analyzed. A
pre/post experimental approach was employed. The Box-Jenkins time series
method was used as the primary analytic approach to determine changes in
accident frequencies. In all, 123,530 pedestrian and 64,296 bicycle accident
records were processed. Of these, several thousand were accessed, read and
coded by project staff.

Two basic research questions were addressed by this study. First, the issue
of whether pedestrian/ or bicyclist/motor vehicle accidents increased,
decreased or stayed the same following adoption of Western RTOR was
examined by analyzing right turn events at signalized locations, as determined
from state computerized accident records. Each site was treated separately
and time series analysis was used to compare the monthly distributions of
events before and after the effective date of the Western RTOR law. Second,

(Continue on asdditional pages)
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the characteristics of pedestrian and bicyclist accidents involving wvehicles
turning right on red were considered. These descriptive analyses focused
only on events after Western RTOR was adopted and used data extracted from
hard-copy police accident reports.

This study found that the frequency of pedestrians and bicyclists struck by a
motor vehicle turning right at a signalized location increased significantly after
the adoption of Western RTOR. The magnitude of increase for each study site
is shown below. Over one half of the accidents in the post period involved a
vehicle turning right on a red signal. These accidents involving a vehicle
turning right on a red signal accounted for 2.26%, 1.60% and 1.12% of all
pedestrian accidents in Wisconsin, Ohio and New York (outside of New York
City which prohibits RTOR), respectively. (The small sample size in New
Orleans precluded the derivation of a stable estimate for that site.) The
equivalent percentage for Los Angeles, which has had Western RTOR for over
30 years, was 2.70%. For bicycles, the proportion of all accidents involving
the motor vehicle turning right on red was 1.50%, 1.39% and 1.70% for
Wisconsin, Ohio and New York (exclusive of New York City), respectlvely (no
bicycle data were available for New Orleans or Los Angeles).
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The time series analysis technique makes it possible to examine quantitatively
potentially confounding effects which may have yielded or contaminated the
observed results. Such effects of interest to this study were a general
increase in pedestrian and bicycle accidents or an increase in just those which
occurred at signalized intersections. In all cases, the adoption of Western
RTOR was the only reasonable explanation for the observed phenomena. The
best fitting time series model for each site was approximately a step function
centered on the date Western RTOR became effective. Since three different
dates are involved across the test sites (1 July 1975 for Wisconsin and Ohio, 1
January 1977 for New York, and 1 October 1976 for New Orleans), the time
series results provide compelling evidence that the observed increases in right
turn accidents were the result of instituting Western RTOR, and there were no
comparable increases in signalized location crashes involving other vehicle
maneuvers.,

Analysis of more than 1,000 hard-copy accident reports involving a right turn
on a red signal showed that most of the pedestrians (67%) and bicyclists (75%)
were coming from the driver's right as the driver entered the intersection as
opposed to the driver's left or perpendicular to the driver's direction of
travel:

Red

\ﬁl% of pedestrians
8% of bicyelists

’—9

. 7 18% of pedestrians
s _A 11% of bicyelists

> ; - —
4% |of pedestrians 67%|of pedestrians
7% |of bicyclists 75%|of bicyeclists -

Pedestrians coming from the driver's right often reported that they saw the
vehicle stopped for the light and never believed that it would just pull forward
and hit them. Drivers report that they were looking left for a gap in traffic
and never saw the pedestrian. The problem is virtually identical for
bicyclists, although it should be noted that the majority of bicyclists coming
from the driver's right were coming from the roadway (not the sidewalk) and
thus were "wrong way" riding, i.e., riding on the left side of the street. It
was also noted that few fatalities were associated with these accidents, likely
because of the low speeds at impact. :

xi



It can be concluded from this study that the adoption of Western RTOR
resulted in an increase in both pedestrian/ and bicycle/motor vehicle
accidents. The increase began as soon as the law became operative and
probably persists as long . as the law is in effect. Pedestrian and bicycle
accidents involving a motor vehicle turning right on red constitute between 1%
and 3% of a jurisdiction's total pedestrian and bicycle accidents.

The study did not include countermeasure development but several potential
countermeasure approaches were identified which seem worthy of additional
research and development efforts. These are:

Bicyclist Education - Pursue efforts designed to foster riding with traffic
(on the right side of two-way roadways) by bicyclists.

Pedestrian Education - Teach pedestrians to recognize and deal with the
cues that a vehicle is about to turn right on red.

Warrants - Identify target intersection approaches for RTOR sign
prohibitions based on pedestrian and bicycle accident considerations.

Traffic Engineering - Consider approaches such as an innovative
exclusive pedestrian light phase, or right turn "box," which would move
the pedestrian crosswalk behind the turning vehicle.

Finally, it should be noted that this investigation focused only on well defined
components or aspects (pedestrian and bicyclist accidents) of the overall and
larger impact of RTOR. It does not purport to advise on the overall utility of
RTOR. Any total assessment of the value of RTOR would additionally have to
address vehicle-to-vehicle accidents, travel time and energy costs, and other
factors associated with RTOR implementation. Therefore this study should be
- considered as only one of the inputs needed to conduct a total assessment of
the societal effects of RTOR.

xii
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I. INTRODUCTION

The ability to make legal right turns on a red signal unless specifically
prohibited by a sign is now a widespread, highly accepted practice across the
United States. Right-Turn-On-Red (RTOR) is not only a popular convenience
with the driving public but is also credited with increasing intersection
capacities and saving a significant amount of fuel through reduced delays.
Unfortunately, there are also concerns that RTOR results in an increase in
accidents, particularly in those involving a pedestrian or bicycle and a motor
vehicle. In response to this concern, the National Highway Traffic Safety
Administration (NHTSA) in conjunction with the Federal Highway Administration
(FHWA) decided to sponsor research to determine the specific impact, if any,
of RTOR on the frequency of pedestrian and bicyclist crashes with motor
vehicles. Since the desired RTOR research was clearly within the scope of a
pre-existing contract entitled "Evaluation of Existing Pedestrian and Bicyclist
Regulations," the investigation of RTOR was sponsored by means of a
modification to Contract No. DOT-HS-6-01411. This is the final report of that
research into the effects of RTOR on pedestrian and bicyclist accidents.

This report describes the research design, methodologies and results of a
two-stage analysis employing both selected state accident data tapes and
samples of hard-copy accident reports identified from the accident tapes. In
general, the research design consisted of a comparison of the accident
experience both before and after implementation of the Western RTOR Rule at
selected sites. After extensive analysis, these data bases ultimately provided
a previously unavailable detailed perspective of the effects of RTOR on the
pedestrian and bicycle accident experience in certain locations.

This study indicates that there is a pedestrian and bicyclist accident

. problem associated with RTOR. Moreover, the problem is large enough to
warrant further study and to support the development of appropriate
countermeasures. This research establishes a factual basis for the previously
unsubstantiated concern that RTOR is a hazard to pedestrians and bicyclists.
However, it should be noted that this investigation focused only on a well
defined component or aspect (pedestrian and bicyclist accidents) of the overall
and larger impact of RTOR. Since the study was delimited to examining only
pedestrian and bicyclist accident effects, it does not purport to advise on the
overall utility of RTOR, per se. Any total assessment of the benefits of RTOR
would necessarily include a larger accident context, travel time and energy
costs, and other factors associated with RTOR implementation. This study
should be considered as only one of the inputs needed to conduct a total
assessment of the societal effects of RTOR.

A. RTOR--Definition, History, Issues

RTOR in the currently practiced "Western" or "permissive" version allows
drivers to turn right on a red light after stopping and determining that it is
safe to do so. According to the Uniform Vehicle Code (UVC) established by
the National Committee on Uniform Traffic Laws and Ordinances (NCUTLO), the
RTOR maneuver should be restricted by requiring the driver to stop first and
then to yield to approaching vehicles and to all pedestrians within the
intersection. Most states have adopted the UVC definition and treatment of
RTOR which simply adds a subsection to the definition of the "steady red

~1-



indication" found in §11-202 (Traffic-control signal legend) of the Rules of the
Road (NCUTLO, 1980) as given below.

§ 11-202—Traffic-control signal legend

(¢) Steady red indication

1. Vehicular traffic facing a steady circular red signal alone
shall stop at a clearly marked stop line, but if none, before entering
the crosswalk on the near side of the intersection, or if none, then
before entering the intersection and shall remain standing until an
indication to proceed is shown except as provided in subsection (e)3.
(REVISED, 1975.)

2. Vehicular traffic facing a steady red arrow signal shall not
enter the intersection to make the movement indicated by the arrow
and, unless entering the intersection to make a movement permitted
by another signal, shall stop at a clearly marked stop line, but if
none, before entering the crosswalk on the near side of the inter-
section, or if none, then before entering the intersection and shall
remain standing until an indication permitting the movement indi-
cated by such red arrow is shown except as provided in subsection (e)3.
(NEW, 1975.)

3.  Except when a sign is in place prohibiting a tumn, vehicu-
lar traffic facing any steady red signal may cautiously enter the
intersection to turn right, or to twn left from a one-way street
into a one-way street, after stopping as required by subsection (c)l
or subsection (cJ2. After stopping, the driver shall yield the right of
way to any wvehicle in the intersection or approaching on another
roadway so closely as to constitute an immediate hazard during the
time such driver is moving across or within the intersection or junc-
tion of roadways. Such driver shall yield the right of way to pedes-
trians within the intersection or an adjacent crosswalk. (REVISED
AND RENUMBERED, 1975; REVISED, 1979.)

4. Unless otherwise directed by a pedestrian-control signal as
provided in § 11-203, pedestrians facing a steady circular red or red
arrow signal alone shall not enter the roadway. (REVISED AND
RENUMBERED, 1975.)

The above defines the "permissive" RTOR rule--"permissive" since the
maneuver is generally permitted "except when a sign is in place prohibiting a
turn." Since the "permissive" version of RTOR has been popular in California
and other western states, "permissive" RTOR became synonomous with
"Western" RTOR. An alternative RTOR version restricted the RTOR maneuver
to only those signalized locations where a sign explicitly allowed the motorist to
turn right on red. This more restrictive version, found frequently in the
eastern half of the country, has been termed "Eastern" RTOR. Currently, the
elements of the Western RTOR rule apply throughout the continental U.S.
except in New York City. Although California is credited with the earliest
significant experience with RTOR, it is interesting that permissive RTOR was
actually adopted much earlier in New York City. Permissive RTOR was part of
the City's traffic regulations beginning in 1924 and was practiced "...in the
teens when manually operated semaphores were used to direct traffic"

(4
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(Hochstein, 1981). However, New York abandoned the practice in 1937. This
is the same year in which California adopted the practice.

Although RTOR has been around in various implementation forms for many
years, it did not spread rapidly across the country. This was due to a
long~standing debate over the time-saving and other benefits of RTOR versus
its overall .degree of hazardousness. Those supporting RTOR felt its accident
impact was neutral or negligible while citing strong arguments based on the
assistance that RTOR gave to an expeditious traffic flow. The strongest
argument was constructed from the delay reductions which accrued with RTOR.
It appeared, wherever RTOR was implemented, intersection delays were
reduced. The most complete study to date of the energy and travel time
benefits of RTOR is the 1976 investigation by Alan M. Voorhees and Associates
for the Federal Highway Administration (McGee et al., 1976). In this study,
for example, the following time savings in the delay associated with waiting for
a green signal before turning right were documented:

© 1.3 seconds (9%) saved in central business districts
(CBDs) and an average of 7.7 seconds (39%) saved
in rural areas

4.3 seconds (26%) saved during peak traffic hours with
a slightly greater savings of 5.2 seconds (38%) in
off-peak hours

4,6 seconds (30%) overall average savings

While the magnitude of these delay savings may seem small expressed on a
per right-turning-vehicle basis, the savings become most impressive when
multiplied by the many millions of right-turning maneuvers each day. When
this fact is coupled with the recent national priority on fuel conservation, the

~economic benefits represented by such delay savings are estimated to be

large. Although these issues are clearly beyond the scope of this
investigation and, thus, of this report, they add an important perspective to
understanding how RTOR recently became a nationwide reality.

With fuel conservation growing in importance in the early to mid-70's,
Western rule RTOR was selected as one of many community opportunities for
achieving greater energy efficiency. Based on projected energy savings, the
U.S. Department of Energy encouraged conservation practices nationally, and,
thus, the states which had not already implemented RTOR did so. Also during
this period, states which had been previously practicing the sign-permitted
"Eastern" version of RTOR switched to the preferred (i.e., more energy
efficient) "Western" or generally permissive RTOR. By 1977 virtually all
states permitted RTOR at a very high percentage of all signalized
intersections. A few states (e.g., Connecticut) did, however, initially
sign-prohibit RTOR at many intersections although, with experience and public
demands, many of these restrictions were later eliminated.

By the time most states were ready to implement RTOR, there was a
good body of traffic engineering guidance available to help in identifying
intersections warranting exclusion from RTOR. Although there were surely
wide variations across the states in what constituted "acceptable" and
"unacceptable" intersections for RTOR, there nonetheless was considerable
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agreement over the general criteria for allowing or excluding RTOR at
individual intersections. Criteria are still being refined and updated. Much
current variation among jurisdictions is understandably in the implementation
or quantification of these criteria rather than in the basic criteria themselves.
In general, RTOR is prohibited on any intersection where the maneuver is
considered too hazardous or disruptive of orderly traffic flow, e.g., on
intersections with five or more approaches, high speed traffic, complex signal
phasing, short duration red phase, etc. Prohibition is accomplished by means
of a sign, generally located next to the traffic signal, explicitly prohibiting
RTOR from the approach facing the sign.

While delay savings and related fuel savings were the prime motivations
for widespread promulgation of RTOR, traffic engineers could also point to *
improvements in intersection capacity, reduced auto emissions and to a more
expeditious traffic flow. Often, a related benefit of RTOR was also noted,
i.e., that the driver making an RTOR would then be facing a green signal
after his turn while a driver making a turn on green would subsequently be
delayed by facing a red signal.

113

B. RTOR--Overview of Accident Experience

There have been few large-scale studies which have examined the accident
experience associated with Western RTOR. The three discussed below, which
are likely the most widely known efforts, differed in their conclusions with
respect to the existence of an effect of RTOR on vehicle-to-vehicle accidents
and on the magnitude of the problem faced by pedestrians. None of these
three studies specifically examined the changes in the frequency of bicycle/
motor vehicle crashes resulting from the adoption of Western RTOR. Cross
and Fisher (1977), however, did define a unique bicycle/motor vehicle accident
type which occurs when motorists turn right on red.

McGee et al. (1976) concluded that RTOR is associated with only a small
number of accidents. In six separate accident studies which varied beoth with
respect to jurisdiction and study methods, McGee et al. found some evidence
that RTOR was a problem and some evidence that it was not a problem. The
authors concluded that widespread adoption of Western RTOR would be
associated with, at most, an insignificant increase in the number of accidents
(or no increase in accidents). Two more recent studies have examined
accidents across several states following widespread adoption of Western RTOR
in the midwest and east. The American Association of State Highway and 2
Transportation Officials (AASHTO, 1979) concluded that accidents did not
increase overall at signalized intersections following the adoption of Western
RTOR. However, there was a 37% increase in accidents involving right F
turning vehicles across the fourteen jurisdictions covered in their study.
Zador et al. (1980) studied six states that changed to Western RTOR in the
mid 1970's as compared with three states that did not. These authors
concluded that accidents involving a right turning vehicle at a signalized
intersection increased by 21% following the adoption of Western RTOR.

Pedestrian accidents were examined in the above referenced studies,
though pedestrians were not the specific research focus. McGee et al. (1976)
reported a small increase in pedestrian accidents involving a right “turning
vehicle at selected intersections in Chicago following introduction of RTOR.
AASHTO (1979) reported no overall increase in pedestrian accidents at
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signalized intersections following adoption of Western RTOR. However, the
AASHTO study did not provide specific information on pedestrian accidents
involving a right turning vehicle. Zador et al. (1980) reported a 57% increase
in pedestrian accidents involving a right turning vehicle at a signalized
intersection. These authors also concluded that this increase was most severe
in urban areas and with elderly pedestrians. Accidents involving bicyclists
were not specifically covered in these previous efforts.

It is clear from a review of the literature that the current study was
needed to reduce the uncertainty surrounding the impact of RTOR on
pedestrian accidents. It should also shed light for the first time on the
bicycle/motor vehicle problem associated with the adoption of Western RTOR.
It is also clear from the literature that the findings of this study with respect
to pedestrians and bicyclists should not be indiscriminantly extended to other
traffic units,



II. METHOD

The overall objective of this study was to assess the effect of "Western"
or permissive RTOR regulations on the frequency of pedestrian and bicyclist
accidents with motor vehicles. Operationally, this overall objective had two
quite separate components. First, there was a need to determine whether the
introduction of Western RTOR was associated with a change (increase or
decrease) in the number of motor vehicle crashes involving pedestrians and
bicyclists. This component or sub-objective was assessed by comparing the
accident experience of states and areas within states prior to Western RTOR to
the respective accident experience following Western RTOR. The primary
analytic approach was time series analysis. Second, there was a need to
determine the characteristics of pedestrian and blcycle crashes involving a
motorist turning right on a red signal. The primary analytic approach to this
sub-objective involved accessing, reading and coding relevant information from
hard-copy accident reports involving wvehicles turning right at signalized
locations.

The paragraphs which follow detail the methods and procedures utilized in
selecting states, accessing data and data coding. The selected states were
New York, Ohio and Wisconsin. In addition, pedestrian accident data were
available on a pre wversus post basis from the City of New Orleans. Also
available for comparison were pedestrian accident data from Los Angeles which
has had Western RTOR for some time.

A. Measures

The primary measure used in this study for the purpose of assessing any
increase or decrease in accidents following Western RTOR was the number of
pedestrian and bicycle crashes in which the victim was struck by a
" right-turning motor vehicle at a signalized location. Whether the vehicle was
turning right on a red signal or a green signal was not an issue when
assessing any increase or decrease.

Prior to Western RTOR, it may be assumed that the vast majority of right
turns were on green. Following adoption of Western RTOR, it may be presumed
that many were still on green while others were made on red. Regardless, the
vehicle maneuver that should have been most directly and logically affected by
Western RTOR was the right turn at a signalized location. Right turn on
green accidents may or may not have gone down following Western RTOR, and
right turn on red accidents may or may not have gone up, but the primary
measure is the total number of right turning accidents including right on
green and right on red. In other words, the primary measure was whether
the right turn at a signalized location was more or less safe with respect to
pedestrians and bicyclists following Western RTOR.

It should also be noted that pedestrian and bicycle accidents involving
left turning vehicles at signalized locations and other vehicle actions (primarily
straight through) at signalized locations were also of interest. While Western
RTOR would not necessarily affect pedestrian and bicycle accidents involving
these maneuvers, it was still of interest to examine these data as a general
measure of total signalized location activity and accident occurrence.



The second objective of this study was to determine the characteristics of
pedestrian and bicycle crashes that involved a vehicle turning right on a red
signal. Accident counts and descriptive information from police accident
reports for those crashes in which the presence of a red signal could be
determined were the primary measure employed. '

B. Site Selection

By design, candidate sites for inclusion in this study were those states
east of the Mississippi adopting Western RTOR during the mid-1970's. (See
Appendix A for a list of Western RTOR effective dates in states east of the
Mississippi.) Needed were states which could provide a substantial amount of
accident data for the period prior to Western RTOR as well as following :
Western RTOR. Also, most of these states went from the "Eastern" or sign
permissive rule to the Western rule while Wisconsin, for instance, went from no
RTOR provision to the full Western rule. It was of interest to include at least
one state of each type.

wr

While the sampling base was all Eastern states making the change in the
mid-1970's, it is important to note that a secondary selection criterion was
number of pedestrian and bicyclist accidents. In general, U.S. pedestrian
accidents occur at a rate of about one per thousand population per year in
urban areas, decreasing to one per two thousand or less in suburban and
rural areas. Bicycle/motor vehicle accidents vary widely with climate and
season of the year. However, a rate of about one per two to three thousand
population per year can be expected. Also, at least prior to Western RTOR,
only very few of the total pedestrian and bicyclist accidents involved a right
turning vehicle at a signalized location and it was these right turning
accidents which were the primary focus of this study. Preliminary data
suggested that about one to two percent of pedestrian and bicycle accidents
_involved a right turning vehicle at a signalized location. This percentage was
higher in urban areas where there are more traffic controls and lower in
suburban and rural areas. Taking these factors into consideration, a state
with, say, one million people might have 500-800 pedestrian accidents per year
of which only five, ten or fifteen involved a right turning vehicle at a
signalized location. Similarly, this state might have only 300-400 bicycle
accidents of which only five involved a right turning vehicle,. etc. Therefore,
there was a clear preference for selecting the larger Eastern states which
might have five or ten times the number of accidents as estimated in the above

example. =

Contacts were initiated with several states to determine the availability of
the required data. This and other preliminary work led to the selection of 3
New York, Ohio and Wisconsin as the primary study states. The City of New
Orleans was added to this list since, through other ongoing Dunlap work for
NHTSA, hard-copy pedestrian accident reports were available for the period
encompassing the change in the Louisiana law. The three states represent the
Northern tier east of the Mississippi River and the inclusion of New Orleans
provided Southern representation. Also, while Ohio and New York went from
Eastern rule to Western, Wisconsin went from no RTOR provision to the full
Western rule.



C. Accident Data Acquisition/Reformatting

The States of New York, Ohio and Wisconsin all permitted access to their
computer accident records for a period of several years covering the transition
to Western RTOR. Those records--provided to us as tape copies of the state
accident files--were of value to the two major kinds of analyses being
performed. First, they provided counts of relevant pedestrian and bicycle
accidents before and after Western RTOR. These data allowed estimation of
the change in accident rate associated with the law change. Second, they
provided keys to the written accident reports. Access to the full descriptions
of accidents involving right turn on red enabled fuller specification of the
dynamics of such accidents,

Each state's accident data tapes were formatted in their own unique style.
The first major activity involved reformatting the records to discard unwanted
information and to retain the desired data in a representation common to all
states and years.

New York State (but not New York City) went from Eastern to Western
RTOR on 1 January 1977. Excluding New York City, the State's 1970 Census
population was 10,346,021, It has major urban areas such as Buffalo,
Rochester, Syracuse and Albany/Schenectady as well as rural areas and
extensive suburban areas such as found in Nassau and Westchester Counties.
New York officials were asked to provide separate computer tape records for
all pedestrian and all bicycle accidents occurring within the State for the
period 1974 through 1978. These tape records were formatted and entered into
our computers. Preliminary analysis showed a five year total of 45,292
pedestrian and 28,762 bicycle accidents outside of New York City involving a
motor vehicle. Of these, 668 pedestrian (1.5%) and 654 bicycle (2.3%)
accidents involved a right turning motor vehicle at a signalized location.

Ohio went from no RTOR law to Eastern RTOR on 3 July 1974 anc then to
Western RTCR on 1 July 1975. The State's population in 1970 was 10,657,423,
As in New York, it has major urban centers such as Cleveland, Columbus,
Cincinnati and Toledo as well as suburban and rural areas. Ohio officials were
asked to provide a computer tape record of all crashes occurring in that State
for the period 1974 to 1979. Pedestrian and bicycle accidents were pulled from
this tape and formatted for future computer processing. Preliminary analysis
showed a total of 36,407 pedestrian and 21,841 bicycle accidents involving a
motor vehicle over this six year period. Of these, 830 pedestrian (2.3%) and
413 bicycle (1.9%) accidents involved a right turning motor vehicle at a
‘signalized location. Unfortunately, these preliminary analyses also showed
some periods for which the data were incomplete. Specifically, the months of
September, October, November and December of 1976 were largely missing from
the tape thereby necessitating adopting estimation procedures for some of the
analyses.

Wisconsin went from no RTOR provision to the full Western rule on 1 July
1975.” The State's population in 1970 was 4,417,821. It has one very large
urban center, Milwaukee, several smaller cities, Madison, Green Bay, Racine,
Kenosha, etc., as well as rural areas. Wisconsin officials were asked to
provide the computer tape record for all traffic accidents for the period 1973
to 1979. Pedestrian and bicycle accidents were pulled from this tape and
formatted for future computer processing. Preliminary analysis showed a total
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of 17,650 pedestrian and 13,687 bicycle accidents involving a motor vehicle
over this seven year period. Of these, 477 pedestrian (2.7%) and 285 bicycle
(2.1%) accidents involved a right turning motor vehicle at a signalized location.

Those state data files also provided accident report identifiers from which
written accident reports could be accessed. Those reports allowed
determination of which of the vehicle-turning-right-at-signal accidents were
actually Right-Turn-On-Red and provided much detail about the accident
dynamics.

For New Orleans and Los Angeles, our primary data source was an
exhaustive search of all relevant written reports. For New Orleans, the data
period surrounds Western RTOR introduction. To evaluate the change in .
accident rate from before RTOR to after RTOR, all vehicle-turning-right-
at-signal accidents were tabulated and studied for their Right-Turn-On-Red
subset. For Los Angeles, the full data period was covered by Western RTOR.,
Although the vehicle-turning-right-at-signal accident set was identified and
tabulated, most of the Los Angeles analysis focused on the large sample of
Right-Turn-On-Red accidents.

P
=
s

New Orleans, Louisiana, went from Eastern rule to Western on 1 October
1976. The City's population in 1970 was 593,471. It is an older city with a
new convention center and several modern office buildings downtown plus
suburban areas within the city limits to the north and east. Hard-copy
accident reports for every reported pedestrian accident (not bicycle) were
available for the period 1973 to early 1978. The total number of reports was
4,688 of which 84 (1.8%) involved a motor vehicle turning right at a signalized
location. :

Los Angeles, California, has had Western RTOR since 1947. The City's
population in 1970 was 2,816,061, While the city has "downtown" and
‘otherwise congested intersections, it is spread over a wide area and consists
largely of extensive urban and suburban residential neighborhoods with a
mixture of commercial and industrial locations. Hard-copy accident reports for
every reported pedestrian accident were read by project staff for the period
1973 to 1978 (this work was part of the evaluation of pedestrian safety
messages under Contract No. DOT-HS-4-00952 from NHTSA). A total of 19,388
reports were reviewed. These reports were prepared in exceptional detail by
Los Angeles Police Department personnel, and it was possible to reliably
determine signal phase at the time of the crash. The results showed that 526
(2.7% of all pedestrian accidents; 12.9% of all at signalized locations) involved
a vehicle turning right on a red signal. An additional 406 accidents (2.1% of
all pedestrian accidents; 9.9% of all at a signalized location) involved vehicles ‘
turning right when the signal was other than red. While pre versus post
comparisons were not possible in Los Angeles, these data are nonetheless
valuable in providing a description of RTOR pedestrian accidents.

D. Coding of Accident Reports

The primary reason for accessing hard-copy reports was to develop a
broad and detailed data base for determining and describing key
characteristics of RTOR pedestrian and bicyclist accidents. The standard
computer records of these accidents, for example, almost always cannot
indicate whether the traffic signal was red or green or yellow when the
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motorist turned right. The narrative and diagram of the written accident
report often contain such information, along with other details of the situation
and actions leading to the crash.

Written accident reports were sought from New York, Ohio and Wisconsin.
A list of accident report numbers was generated from the state accident tapes
for each state. The list included only accidents which involved pedestrians or
bicycles, signalized locations and right turning motor vehicles. These lists
were submitted to officials of the respective states. Although reports from
some early years in New York and Wisconsin were unavailable, over 2300
reports were read by Dunlap coders. In New York, hard-copy reports are
held for approximately three years before transfer to long-term storage.
Thus, New York officials were able to access reports only for the years 1977
and 1978. These reports were pulled and made available to staff members in
Albany. In Wisconsin, accident reports for the period 1975 through 1979 were
available. Those were copied by State personnel and sent to our offices in
Connecticut. In Ohio, reports for the period 1974 to 1979 were available, were
copied by State personnel and were sent to Connecticut.

In general, nearly all of the requested reports for the years listed were
provided by the respective states and thus data loss from "missing" reports
was minimal. However, not all of the accessed reports depicted a simple case
of a vehicle turning right at a signalized location and hitting a pedestrian or a
bicyclist. Some reports contained miscoded information, e.g., the vehicle was
really turning left. For others, the coded information was correct, but the
crash involved "highly atypical" circumstances such as the car turned right,
hit a second car and one of the two vehicles left the roadway and struck a
pedestrian on the sidewalk. It was necessary, for several analyses, to
exclude these very atypical and miscoded events. For these reasons, the
number of events entering each analysis can vary. In New York, 326
pedestrian events were requested from the State, of which 280 (86%) were
‘read, found to have involved a right turning vehicle at a signalized location
and were not "highly atypical." Similarly, 359 bicycle events were requested
of which 340. (95%) were included in the analyses. In Wisconsin, 376
pedestrian events were requested of which 359 (95%) entered the analyses; and
217 bicycle events were requested of which 205 (94%) entered. In Ohio, 830
pedestrian events were requested of which 763 (92%) were used; and 413
bicycle events were requested of which 390 (94%) were read, found to have
involved a right turning vehicle at a signalized location and were not "highly
atypical." '

Figure 1 shows the data collection form utilized by staff members to code
the desired additional information. It will be noticed that traditional accident
report data items such as time of day, location, driver age, etc.,were not
covered on this form. These items were already available from the state
provided computer records and were not recorded a second time. Rather, the
data shown in the Figure were merged with the already coded data to produce
one larger crash record.

The Figure shows a full range of data items concerning crash
characteristics and circumstances. The most important of these was signal
phase facing the driver. In other words, was the maneuver a right-on-red.
Also of critical importance was the directionality information shown on the
second page under "Accident Description." This information specified the
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RTOR CODES

Location: 1. Wise.

2. N.Y. 3. Ohio 4. New Orleans (1)
Report # (2-10 )
Accident Date / / (11-16)
Accident Involved: 1. Ped ___ 2. Bike ___ 3. Both _ 4. Neither _ _ 17 )
Treffic Control Facing Driver:
1. RGA 4. Yield Sign (18 )
2. RG $. None
3. Stop Sign 6. Other
Signing Facing Driver:
1. No turn on red 4. Other (18 )

2. Right on Red permitted after stop

3. Neither
Ped Walk Signal Facing Ped/Bike:
1. Yes

I Yes, Indication:
1. Walk
2. Flashing Don't Walk ___

2. No

S. Unknown/no info.

3. Unk

3. Steady Don't Walk

4. "Don't Walk" on, Phase Unk

5. Unk

Signal Indication at Time of Impact Facing Driver:

1. Red
2. Green ___

3. Yellow
4. Green Turn Arrow (right) 6. Unk

5. Other

Signal Indication at Time of Impact Facing Ped/Bike:

1. Red
2. Green

Ped/Bike in Marked Crosswalk:
1. Yes 2. No

Vehicle Position at Impact (Code #)

héll

3. Yellow
4. Green Turn Arrow (right) 6. Unk

3. Unk

© 5. Other

4. N/A

Mo AW N e
"

straight on road coming from

beginning turn (angled) but still on road coming from
into turn, halfway on each road

straight or almost completely on road going to

not maeking right turn (coding error)

unknown

PED/BIKE ACTIONS:
Search:

1. Definitely saw car
2. Probably saw car

Course:
1. Running/speeding
2. Walking/normal pace
DRIVER ACTIONS:
Search:
1. Definitely saw ped/dike
2. Probebly saw ped/dike

3.
4.

Probably didn't see car
Definitely didn't see car

Unk

Other {(specify}
Unk

Probably didn't see ped/bike
Definitely didn't see ped/bike
Unk

(20 )

(21 )

(23 )

(24 )
(25 )

(26 )

(28 )

Course (pre impact):
1. Accelerating __
2. Decelerating ____

3. Sustained speed
(normal for turn) _

4. Sustained speed too fast for turn
§. Other (specify)
6. Unk

CONTRIBUTING FACTORS:

(Check All Documented)

Driver Alcohol
Ped/Bike Alcohal
Driver Inattentive/Distracted
Driver Failure to Yield —
Ped/Bike Inattentive/Distracted ____
Vehicle Failure ___ Specify
Roadway Defects ____ Specify
Vision Obscurements:
Parked vehicles __
Rain/snow/fog __

Moving vehicles __

Other ____ Specify
Other Driver Human Factors __ Speecify
Other Ped/Bike Human Factors ____ Specury
Other ___ Specify
Wesather: Rain

Snow Fog Other

ACCIDENT DESCRIPTION:
Ped/Bike Was On:
1. Driver's Right ___ 2. Driver's Left ___
Ped/Bike Started Collision Course:

3. Unknown

1. From Curb/Sidewalk 3. In Road
2. Other Off Road Position 4. Other
5. Unk

Vehicle Turning: (Rotate diagram so road closest to N/S is called N/S)

LLEtoS 22Nt E 3.WtoN 4.Sto W
From:

1. 1-way __ 2. 2-way ___ 3. Driveway ___ 4. Alley ___ 5. Other __ 6. Unh __
To:

1. 1-way __ 2. 2-way ___ 3. Driveway ___ 4. Alley __ 5. Other __ 6. Unk __
Ped/Bike Walking:
1. N 2.8 S. E 4. W

Ped/Bike Struck in:
1. 1Ist half of crossing

5. Unk

2. 2nd half of erossing 8. Unk

ACCIDENT TYPE

(%)

(30
(3
(32
(33
(34
(35
(36

- . e = e

-~
w
©

(45 )

(46 )

(47 )

(48 )

(48 )

(se )

(s1 )

(52-53)

Figure

1.

Data Collection Form
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relationship between the vehicle and pedestrian or bicycle paths just prior to
the crash. All of the requested information could be found on some of the
accident reports. However, some items could less often be reliably determined
than others. The directionality or Accident Description information could
nearly always be determined. Signal phase was available for -about half to
two-thirds of the events. Information on "No Turn" signs or pedestrian
"Walk" signals was rarely available and the behavioral data under "Ped/Bike
Actions" were rarely available reliably. In general, Los Angeles provided a
highly detailed indication of light phase and the behaviors of involved parties
with the other sites yielding somewhat less "richness" of data.

E. Data Analysis

The questions posed by this study can be thought of as falling into two
classes., First, it was important to address the issue of whether accidents
increased, decreased or stayed the same following adoption of Western RTOR.
Second, whether the number of accidents increased, decreased or remained the’
same, it was important to examine the characteristics of pedestrian and bicycle
accidents involving vehicles turning right on red. Western RTOR is now the
law in all states and it was postulated that this specific vehicle maneuver could
lead to special "accident types." Alternatively, accidents occurring with
right-on-red could be sufficiently similar to the already identified "Vehicle
Turn/Merge" accident type for pedestrians and "Motorist Turn/Merge" type for
bicycles so as not to require further specification (Snyder and Knoblauch,
1971; Cross and Fisher, 1977).

Concerning accident increases or decreases, the analyses concentrated on
right turn events at signalized locations as determined from the state computer
records. Left turning accidents and accidents involving other vehicle
maneuvers at signalized locations were considered primarily as control data.
The basic analytical technique was time series analysis comparing monthly
distributions of events both before and after the implementation of Western
RTOR. Analyses involving summation or averaging of data across states were
not considered. Rather, each state and the City of New Orleans were treated
separately. Also, pedestrian and bicycle accidents were treated separately.
Thus, the question of increase or decrease was addressed four times for
pedestrians (New York, Ohio, Wisconsin, New Orleans) and three times for
bicyclists (New York, Ohio, Wisconsin).

The question of accident characteristics was also addressed separately in
the seven data sets listed above. In addition, pedestrian accidents were
examined in Los Angeles which provided a large number of events as well as a
site in which Western RTOR has been in place for some time. Analysis began
by reading the hard-copy reports and coding the relevant information.
Crosstabulations of the data were generated by computer and resulting
distributions were reviewed. These descriptive analyses concentrated on post
Western RTOR events since few hard-copy reports were available for the
respective periods prior to the adoption of Western RTOR.
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III. RESULTS

This Chapter presents the results of this study. Section A below
presents the basic raw accident rate data for pedestrian and bicyclist accidents
involving a right turning vehicle at a signalized location. Section B provides
the results from the time series analyses of the accident data. In these first
two sections, the data on pedestrian and bicycle accidents with motorists
turning right at signalized locations are examined from several viewpoints.
Although the different approaches yield somewhat different numerical estimates
of the size of the changes, all the results show a marked increase in
pedestrian accidents within each of the four pedestrian data sets and an even
greater general increase among bicycle accidents. Section C below describes
RTOR accident events and provides estimates of the degree to which the
overall category of right-turning vehicle accidents at signals divide between
turning-on-red and turning-on-green situations. An overall RTOR accident
description from each of seven data sets is provided as well as a discussion of
crash dynamics. ‘

A. Accident Rate Descriptions

This section will examine right turn accidents at signalized locations
expressed as a percentage of all pedestrian and all bicycle accidents. It will
also discuss the absolute number of these crashes for the periods before and
after the adoption of Western RTOR. Table 1 shows overall accident
distributions from New York,* Wisconsin and Ohio for pedestrians and
bicyclists and from New Orleans and Los Angeles for pedestrians. These
results show that only one to two percent of all pedestrian and bicycle crashes
involved a right turning vehicle at a signalized location before introduction of
Western RTOR. Thus, while the total number of crashes was quite large, the

_number which could logically be affected by Western RTOR was a relatively

small subset of this total.

The first set of data shown in the Table is for pedestrian crashes in New
York State exclusive of New York City., For the period 1974-1976, prior to
Western RTOR, approximately 1.25% of all pedestrian crashes involved a right
turning vehicle at a signalized location. For 1977 and 1978, when Western
RTOR was the law, approximately 1.82% involved a right turning vehicle at a
signalized location. This represents a 45% increase in the proportion of these
types of events. In absolute terms, New York averaged 114 of these events
per year during the baseline period and 163 during the post period for an
increase of 49 crashes per year.

The second set of data covers bicycle/motor vehicle crashes in New York
over the same period, also exclusive of New York City. During the 1974-1976
baseline period, approximately 1.69% of these events involved a vehicle turning
right at a signalized location. For the 1977-1978 post period the figure was
3.20%. This represents a 90% increase. In absolute terms, New York
averaged 98.3 of these events per year pre-Western RTOR and 179.5 post for
an increase of 81.2 crashes per year.

F In general, New York City is excluded from all data cited for New York in
this report because Western RTOR is not permitted in New York City.
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Table 1. Data Overview from New York, Wisconsin, Ohio,
New Orleans and Los Angeles.

Pedestrian Bicyele
veh.E veh. other  Other veh.£ veh, other  Other
turn turn veh. Loca- N turn turn veh. Loca- N
right left action tions crashes right left action tions crashes
New York
(Western rule effective
1/1/77) excludes
New York City
: 1974 1.3% 3.2% 9.8% 85.8% 9,072 1.5% 3.0% 8.6% 87.0% 6,139
pre 1975 1.2 2.9 9.8 86.1 9,300 1.8 2.6 9.5 86.2 5,947
— 1976 1.3 2.9 9.8 86.0 8,983 1.8 2.7 10.1 85.4 5,457
1977 1.5 3.3 10.0 85.1 8,933 3.2 2.5 10.4 83.9 5,700
post 1978 2.1 3.3 9.4 85.2 9,004 3.2 3.4 10.7 82.7 5,518
*% increase following Western = +45% +20%
Rule
Wisconsin
(effective 7/1/75)
1973 1.5% 4.6% 6.4% 87.5% 2,614 1.4% 3.6% 6.3% 88.7% 1,854
pre 1974 2.1 4.5 7.0 86.4 2,402 1.3 3.5 5.8 89.4 2,098
—1975 1.9 4.0 6.6 87.5 2,418 1.8 3.2 5.3 89.7 2,137
post 1976 4.0 3.8 7.6 84.6 2,422 1.8 3.7 5.3 89.2 1,930
1977 3.2 4.3 7.6 84.8 2,512 2.6 4.1 6.5 86.8 1,975
1978 3.8 3.1 7.2 85.8 2,584 2.8 3.4 7.6 86.2 1,849
1979 2.4 3.3 6.4 87.8 2,698 3.0 4.2 6.9 85.8 1,844
* % increase following = +86% +85%
Western Rule (excludes 1975)
Ohio '
(effective 7/1/75) ]
pre 1974 1.5% 4.1% 9.3% 85.1% 6,049 1.0% 2.4% 6.5% 90.1% 4,120
—1975 2.3 4.1 9.4 84.2 6,256 1.9 2.2 7.1 88.8 4,208
post 1976 2.3 3.4 9.8 84.5 4,961t 1.8 2.5 7.5 §8.2 3,244 ¥
1977 2.2 3.7 10.9 83.2 6,544 2.1 2.5 7.9 87.5 3,680
1978 2.5 3.7 10.6 83.3 6,502 2.3 2.1 8.3 87.3 3,410
1979 2.8 3.6 11.8 81.8 6,105 2.4 3.0 7.8 86.8 3,185
* 9% increase following = +66% T+123%
Western Rule (excludes 1975 and 197€) _
New Orleans '
(Western Rule effective
10/1/76) .
1973 1.1% 0.7% 14.1%  84.0% 877
1974 1.8 0.7 13.0 84.6 895
pre 1975 1.4 0.7 12.4 85.5 868
—1976 2.0 0.4 12.9 84.6 912
post 1977 2.8 1.2 13.4 82.6 923
1978 (Jan- 2.8 0.0 14.6 82.6 213
Mar only) : :
* % increase following = +96% TOnly January-Aug_ust and part of
Western Rule (excludes 1976 and 1978) © September were included in the 1976
Ohio data tapes.
Ios’An—gelEs-——'---'--——'-—--__’_ ———— - - - - - -- =
Western Rule since 1947
1973 4.9% - 5.7% 9.6% 79.7% 3,082
1974 4.6 5.3 10.5 79.6 3,082
1975 4.6 5.2 9.7 80.5 3,141
1976 4.7 5.9 11.5 77.9 3.310
1977 4.2 5.2 11.3 79.4 3.239
1978 5.9 6.1 11.3 76.6 3,549
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The third set of data covers pedestrian crashes in Wisconsin. For the
period 1973-1974, which was prior to Western RTOR (or any RTOR, for that
matter), approximately 1.81% of all Wisconsin pedestrian crashes involved a
vehicle turning right at a signalized location. Western RTOR was adopted in
mid-1975, and for the period 1976-1979 approximately 3.36% of all Wisconsin
pedestrian crashes involved a right turning vehicle at a signalized location.
This represents an increase of 86%. In absolute terms, the 1973-1974 average
was 45 crashes and the 1976-1979 average was 85.2 crashes for an increase of
40.2 crashes per year.

The fourth set of data covers bicycle/motor vehicle crashes in Wisconsin.
During 1973-1974, approximately 1.37% of these events involved a right turning
vehicle at a signalized location. The comparable figure during 1976-1979 was
2.53%. This represents an increase of 85%. In absolute terms, the 1973-1974
average was 27 crashes and the 1976-1979 average was 48 crashes for an
increase of 21 crashes per year.

The fifth set of data covers pedestrian crashes in Ohio. For 1974, which
was prior to Western RTOR, approximately 1.50% of all pedestrian .crashes
involved a vehicle turning right at a signalized location. Western RTOR was
implemented in mid-1975 and there was a severe data loss for several months in
late 1976. For the abbreviated post period of 1977-1979, the results showed
that approximately 2.50% of the pedestrian accidents involved a vehicle turning
right at a signalized location. This represents an increase of 66% over 1974.
In absolute terms, there were 91 of these crashes in 1974 as compared with an
average of 159.3 for the period 1977-1979, for an increase of 68.3 crashes per
year. '

The sixth set of data covers bicycle crashes in Ohio. During 1974,
approximately 1.02% of these crashes involved a vehicle turning right at a

- signalized location. For the period 1977-1979, the comparable figure was

2.27%. This represents an increase of 123%. In absolute terms, there were 42
of these crashes in 1974 as compared with an average of 77.7 crashes during
the 1977-1979 period for an increase of 35.7 crashes per year.

The next data set covers pedestrian crashes in New Orleans. During the
period 1973-1975, which was prior to Western RTOR, approximately 1.44% of all
pedestrian crashes involved a vehicle turning right at a signalized location.
Western RTOR was adopted in October 1976. During 1977, the only full year
for which data are available following Western RTOR, the comparable figure
was 2.82%. This represents a 96% increase. In absolute terms, there was an
average of 12,7 crashes during the 1973-1975 baseline period as compared with
26 crashes in 1977 for an increase of 13.3 crashes per year.

Overall, the foregoing descriptions show a large increase in right-turn-
at-signal accidents, for both pedestrians and bicycles. In each of the seven
data sets, every baseline year has fewer accidents involving a right turning
vehicle at a signalized location than every year following Western RTOR.
Increases for pedestrian crashes range from a low of 45% in New York to a
high of 96% in the smaller New Orleans data set. Increases for bicycle
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crashes range from 85% in Wisconsin to 90% in New York to 123% in Ohio. Each
of these increases was statistically significant, as described below. Also, in

New York and Ohio, increases in bicycle accidents far exceeded the increases
observed for pedestrian accidents.

Also shown in the Table are pedestrian crashes in Los Angeles for the
years 1973-1978. These data should be relatively stable since Los Angeles has
had Western RTOR for over 30 years. The percentage of crashes with the
vehicle turning right at a signalized intersection was relatively high, 4.81% of
all accidents. The percentage was con51stent1y high for all the enumerated
years, although there was a slight dip in 1977 and a slight rlse above the
mean in 1978.

Separate analyses were also conducted examining the twelve months
immediately before and immediately after the implementation of Western RTOR.
Compared to the previous analyses, these deal with fewer data but examine
time periods closer together, reducing the potential effect of long-term trends
and focusing on the impact of Western RTOR immediately after implementation.
These analyses included the "change" years (1975 in Wisconsin and Ohio and
1976 in New Orleans) which were excluded above. The results are shown
below:

Vehicle Turning Right at Signalized Location
Pedestrian Bicycle
12 mos. 12 mos. 12 mos. 12 mos.
pre post pre _post
New York 116 137 98 182
Wisconsin 42 92 26 ) 39
Ohio 109 181 41 94
New Orleans 17 26 n/a ‘n/a
~ Total 284 436 165 . 315
+54% - +91%
(Entry is number of crashes; Ohio data are complete since 1976
data loss problem occurred after the 12 month post period.)
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These results indicate that the negative effects of Western RTOR, in terms of
pedestrians and bicycle crashes, begin within the first twelve months following
implementation. The results presented earlier indicated that these negative
effects are present one to three years following implementation. Results also
show that Los Angeles, which has had Western RTOR since 1947, is
experiencing a substantial number of right-on-red pedestrian crashes some
thirty years following implementation (2.7% of all Los Angeles pedestrian
accidents, 1973-1978, involved a vehicle turning right on a red signal).

B. Time Series Statistical Testing

While the accident rate differences pre and post are striking, the changes
need to be tested for their statistical significance. The data can be
aggregated conveniently as monthly accident totals, yielding between 63 (New
Orleans) and 84 (Wisconsin) data points divided between baseline and Western
RTOR conditions.

Because the data were ordered by month and year, the analyses centered
on Box-Jenkins time series techniques (Box and Jenkins, 1976). The central
concerns of the analyses were to determine whether the changes in
right-turn-at-signal accidents were statistically significant and to document the
magnitude of the changes in the context of other factors influencing the data.

The analyses followed two steps. First, accident results were displayed
as numbers of accidents per month with monthly (i.e., seasonal) mean
differences removed. This eliminated a frequently large source of variability
which was unrelated to the test hypotheses but confounded their evaluation.
Second, Box-Jenkins analysis procedures (Box and Jenkins, 1976) were used
on the raw accident data to isolate specific time-sequence components of data
variation, such as trends and seasonal swings, and to determine simultaneously
the size and statistical significance of changes due to Western RTOR.

One major question about the introduction of any new law is the "shape"
or timing that its effects may follow. With Western RTOR, one might anticipate
several possibilities. For example, accidents might be extraordinarily high just
after Western RTOR took effect--because people took time to learn how to do it
safely; or very low at first--because people only gradually adopt the
maneuver. Also, the accident change might persist for many years, or it
might decay as experience overcomes any initial problems. Box-Jenkins time
series analysis allowed all these possibilities ‘to be explored, although data
fluctuations and availability placed some limits on the precision with which the
alternatives could be evaluated and the time span over which effects could be
examined. '

As the several data sets were being analyzed, it became clear that the
best fitting shape for the relationship between the introduction of Western
RTOR and accident rates was the simplest: a step function, or an abrupt
change in accident rate coincident with the beginning of Western RTOR and
persisting throughout the data collection periods. This relationship was
appropriate for all the datasets. Even for the New York pedestrian accident
series, which objectively did not show a major increase in accidents until the
second year under Western RTOR, the step function provided a statistically
adequate fit to the data. In the other six data series, the immediate step
function was optimal. Other forms of relationships were investigated, and to
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the extent that some of them fit the data well they are reported in Appendix B
along with the step function models.

The fact that a step function provided the best fit between Western RTOR
and accident rates suggests, but does not prove, a simple causal relationship.
The existence of a step function which adequately fits the data does, however,
tend to confirm the validity of the analyses presented in the preceding
section. These analyses used different subsets of the accident data to
estimate accident level shifts attributable to Western RTOR.

Overall, the time series analysis showed the statistical significance of the
accident rate changes and estimated the shape and magnitude of those
changes. The step function adequately related Western RTOR to all the
accident series, and was the optimum statistical model in virtually all cases.
For some series, the data showed additional fluctuations or patterns not readily
explained in terms of a pre- RTOR/post-RTOR distinction. For those data
series, additional time series analyses were performed to yield quant1tat1ve
descriptions of those patterns.

All these analyses are described in detail in Appendix B, together with a
more complete discussion of the methods employed. The results are
summarized below as they relate to the accident effects of Western rule RTOR.
The reader should note that the percentage increases discussed below are
based on the change in pre-to-post accident means arising from the time series
analysis. These means include seasonal adjustments as appropriate. Because
these increases are based on adjusted absolute numbers of accidents involving
a motorist turning right at a signalized location, they may differ from those
presented earlier which were based on the percentage of all pedestrian or
bicycle accidents.

New York State. Several accident series were analyzed for New York

- State in order to assess the impact of Western RTOR in portions of the State
and to replicate the analytical steps for accident series which are logically
unrelated to Western RTOR. They are summarized in Tables 2 and 3. The
series means are shown, in average accidents/month, and the yearly deviations
from the means are also shown. To provide an initial index of the effect of
Western RTOR, the average deviations from the mean are given for all of the
period prior to Western RTOR (1974-1976) and for the period after the law
change (1977 and 1978), and the percent change from the pre mean to the post
mean is also shown. The statistical significance of the patterns is discussed
below,

The primary series used to assess the effect of Western RTOR were those
pedestrian and bicycle accidents with the motor vehicle turning right at a
signalized location in "outstate" New York (i.e., other than New York City).
For pedestrians, the post data showed a 43% increase over the baseline mean.
The baseline years were stable at 9.5 accidents/month, with a smooth increase
through 1977 (11.4 accidents/month) to 1978 (nearly 15.8 accidents/month).
By Box-Jenkins analyses, the increase in accidents of about 4 accidents/month
averaged over the post-RTOR period was statistically significant. (All effects
described as statistically significant in this section satisfy two-tailed tests of
significance in the Box-Jenkins analysis, with p <.05.) In the time series
models, the pattern of residuals (i.e., actual accident frequencies less
frequencies estimated from the models) increased from 1977 to 1978, showing
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Table 2.

New York Pedestrian Accidents

Difference from Mean

Difference from Mean
Pre- Post- %

Pedestrian Accidents MeanP 1974 1975 1976 1977 1978 RTOR® RTORY Change
Veh-turn-rlght-a@-signal
All Outstate® 11.13 -1.55 -1.88 -1.47 .28 4.62 -1.63 2.45 43%
Suburbs of NYC 4.12 - .70 -1.45 - .28 .47 1.97 - .81 122 61%
Outstate Urban 4.50 - .67 - .08 -1.17 .33 1.58 - .64 .96 41%
Outstate Other 2.52 - .18 - .35 © - .02 - .52 1.07 - .18 .28 20%
New York City 41.52 57 -4.18 -2.68 2.90 3.40 -2.10 3.15 13%
Veh-turn-left-at-signal
All Outstate 23.57 27 - .73 ~1.90 1.27 1.10 - .79 1.18 9%
Veh-other-actions-at-signal .
All Outstate 73.52 .15 2.15 - .27 a3 -2.77 .68 -1.02 -2%
Not Signalized Location i
All Outstate 645.70 1.88 20.63 -2.12 -12.87 -1.53 6.80 -10.20 -3%

A i.e., excluding New York City
D AN data are accidents/menth or differences of a0cidents/month

2 19742970
d 19771979
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8 j.e., excluding New York City

€ 1974-1976
d 1977-1978

b All data are accidents/month or differences of accidents/month

Table 3. New York Bicycle Accidents.
Difference from Mean Difference from Mean
. Pre-c Post-d %
Bicycle Accidents MeanP 1974 1975 1976 1977 1978 RTOR- RTOR" Change
Veh-turn-right-at-signal
All Outstate? 10.88 -3.30  -205 - 272 4.28 3.78 | - 269  4.03  82%
Suburbs of NYC 4.97 - 2.05 - 1.55 - 1.38 2.87 2.12 | - 1.66 2.49 125%
Outstate Urban 3.65 - .98 - .73 - .57 .93 1.35 - .76 1.14 66%
Outstate Other 2.27 - .27 23 - .7 48 .32 - .27 .32 30%
New York City 10.85 - 2.18 - .10 73 1.07 48 | - .52 .78 13%
Veh-turn-left-at-signal
All Outstate 13.57 1.68 - .90 ~ 1.23 -1.48 193 | - .15 .22 3%
Veh-other-actions-at-signal
All Outstate 47.05 - 313 .03 - 1.13 2.12 2.12 - 1.41 2.12 8%
Not Signalized Loecation
All Outstate 407.82 36.85 19.18 -19.48 -9.23 -27.32 12.18 -18.28 -7%
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that the 1978 accident data were at a higher level than the 1977 data (the
effect was nearly significant; p <.10).

The effect in bicycle accident statistics was similar but more pronounced.
For outstate vehicle-right-at-signal accidents, the baseline rate was steady at
about 8.2 accidents/month. The rate was also steady in the post-RTOR
period, but at about 14.9 accidents/month, a jump of 82%. The time series
models confirmed the increase of about 6.7 accidents/month to be statistically
significant. The proportionate increase was about the same in the colder
months (October-April) as in the warmer months (May-September), even
though the base rate of accidents was more than four times as great in the
warm weather period as in the cold. Unlike the pedestrian data, the bicycle
data showed an immediate jump in accidents coincident with the start of
Western RTOR, and the bicycle accident levels in 1977 and 1978 were nearly
identical.

To get a more detailed picture of the increases in accidents in outstate
New York, the accident series were split into thirds. The first, Suburbs of
New York City, included Long Island--Suffolk and Nassau Counties--and
Westchester and Rockland Counties. The Outstate Urban Counties covered the
cities of Buffalo (Erie), Rochester (Monroe), Syracuse (Onondaga),
Schenectady (Schenectady), and Albany-Troy (Albany, Rensselaer). The
Other Outstate areas included rural counties and counties with small urban
concentrations but no large cities.

For both bicycle and pedestrian accidents, the largest increase in
accidents occurred in the Suburbs of New York City, the next largest increase
in Outstate Urban Counties, and the smallest increase in the Other Outstate
areas. In the suburban counties, pedestrian accidents averaged 61% higher in
the post-RTOR period, although most of the increase was in 1978, Suburban
county bicycle accidents showed an increase of 125%. In the major outstate

" urban counties, pedestrian accidents rose in 1977 and again in 1978; the

average two year increase was 41% over the baseline period. Bicycle accidents
in the same area were 66% higher than the baseline period. All these
differences were statistically significant.

In the Other Outstate areas, pedestrian accidents rose sharply in 1978
after dropping slightly in 1977, the first year after Western RTOR became
legal. The average increase, 20%, was not statistically significant. Taken
alone, the 1978 increase of 53% over baseline would be statistically significant
but would require an interpretation that, although Western RTOR was legal in
1977, it was not practiced until 1978 in these areas of the state. Bicycle
accidents in the same areas were higher than baseline in both 1977 and 1978,
by an average of about 30%; the difference, consistent with the other bicycle
accident series although somewhat smaller, did reach statistical significance.

In summary, the areas of New York State in which Western RTOR was
introduced showed a large and significant increase in both pedestrian and
bicycle accidents at signalized locations involving motorists who turned right.
The effect was most pronounced in counties around New York City, still large
in outstate counties with large urban concentrations, and present but not
always statistically significant in the counties which were rural or had only
small urban centers. Consistently, bicycle accidents showed about the same
level of accident increase in the first year under Western RTOR (1977) as in
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the second (1978). Pedestrian accidents, however, showed a large increase in
1978 but an accident value in 1977 that was midway between the baseline
(1974-1976) and 1978 levels.

Other accident series from New York were also analyzed and are also
summarized in Tables 2 and 3. They represent "comparison" series of
pedestrian and bicycle accidents, ones selected from the same state, the same
data tapes, and the same years but differing in location or motorist action,
Because they do not involve motorists turning right at signalized locations
under Western RTOR, they would not be expected to show a sharp increase
(or decrease) in accidents coincident with the introduction of Western RTOR in
New York State (other than New York City) in 1977, They would be
expected, however, to show the effects of factors leading to general accident
rate increases or decreases which might also be reflected in the data series
analyzed above. If such patterns were found, the sole attribution of the large
accident rate increases to the RTOR situation would have to be reconsidered.

In New York City, Western RTOR never went into effect. Pedestrian
accidents with vehicle-right-at-signal nevertheless rose by 13% from baseline to
the 1977-1978 time period. The value was statistically significant but much
smaller than the increase (61%) in the adjacent suburban counties. For New
York City bicycle accidents with vehicle-right-at-signal, the 1977-1978 time
period rates were also 13% higher than in the baseline. This increase was best
described as a general upward trend rather than as an abrupt change
coincident with the start of Western RTOR elsewhere in New York State.

In all of New York State except New York City, comparison accident
series were tested for three distinct accident subsets. Accidents with vehicles
turning left at signalized locations test, perhaps, the indirect effect of Western
RTOR on the most complex maneuver commonly made at intersections. Only a

tiny number of left turns are legally made on red lights under the Western
- RTOR, i.e., at intersections of two one-way streets. Thus, an increase in
accidents involving left turns under Western RTOR might be interpreted as
meaning that Western RTOR made traffic patterns significantly more complex at
signalized locations and hence, generally more hazardous. For pedestrian
accidents under these conditions, there was a 9% rise in ' accidents from the
baseline period to the Western RTOR period. The increase was much less than
that seen in accidents with right turning vehicles and failed to reach statistical
significance. Bicycle accidents went up 3% over the same period, but the
change cannot be logically related to the introduction of Western RTOR and
was not statistically significant.

Also tested in outstate New York were pedestrian and bicycle accident
series involving all other vehicle actions at signalized locations and all those at
other locations. For pedestrian accidents, there was a slight decrease in
accidents of these two types, 2% and 3%, respectively. The variations were
not related to the time of introduction of Western RTOR and were not
significant. Bicycle accidents went up 8% for other vehicle actions at
signalized locations. Although the effect tracked the introduction of Western
RTOR, it was small and not statistically significant. ‘At other locations,
bicycle accidents decreased by 7%. Because of unstable baseline and
post-RTOR yearly values, however, the decrease is not interpretable--and of
marginal statistical significance. It should be noted that there is no consistent
evidence to support a general rise in bicycling in outstate New York over the
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data collection period, one which might explain or temper the RTOR
relationship. In fact, the accident data support the conclusion of generally
steady bicycling activity from 1974 through 1978.

Thus, examination of other pedestrian and bicycle accident series for
outstate New York and New York City show that there was no general increase
in accidents from the baseline (1974-1976) period to the 1977-1978 period.
With the introduction of Western RTOR, accident rates did increase
significantly for both pedestrian and bicycle crashes involving motor vehicles
turning right at signalized locations. These increases represent a net rise of
perhaps 1% in all New York pedestrian and bicycle accidents. Other
pedestrian and bicycle accidents at signalized locations, those involving all
other motor vehicle actions, showed minimal changes, as did all pedestrian and
bicycle accidents not at signalized locations. Finally, within New York City
where Western RTOR did not become legal, pedestrian and bicycle accidents

with motorists turning right at signals showed a relatively slight increase from
1974-1976 to 1977-1978.

Wisconsin, Ohio and New Orleans, Louisiana. As described in a prior
section, there were large increases in pedestrian and bicyclist accidents with
vehicles turning right at signals in these jurisdictions associated with the
introduction of Western RTOR. The data for the five accident series (only
pedestrian accident data were available for New Orleans) are summarized in
Table 4. Unlike New York, the data shown here did not always fall into
full~year clusters. Because there were significant seasonal cycles in the
data--within the series, some months had consistently fewer or more accidents
than average--an adjustment was made in the calculations of pre- and
post-RTOR deviations, Each monthly accident tally was -adjusted by
subtracting from it the mean of all data for that month. Those monthly
deviations were then averaged to give pre- and post-RTOR mean differences

which were independent of the highs or lows of seasonal cycles.

Over the period of data for Wisconsin and Ohio, this country underwent
two severe gasoline shortages which drastically reduced driving. The periods
were roughly October 1973-April 1974 and May 1979-September 1979. Steps
were taken in the Box-Jenkins time series analyses to compensate for these
shortages, which may have reduced accident levels noticeably, so that they did
not bias the evaluation of Western RTOR. Because of the limited amount of
data directly applicable to the accident impact of the gas shortages, tests of
the significance of those effects, although conducted, were of extremely low
statistical power and therefore are not reported.

Wisconsin accident data were available for seven years, 1973 through
1979, of which the first two and one-~half years were prior to the introduction
of Western RTOR. Pedestrian accidents at signals with vehicles turning right
averaged about 3.4 accidents per baseline month and rose 107% to over 6.9
accidents per month after Western RTOR. Although the number of accidents
varied somewhat from year to year, there was no systematic increase or
decrease within the post-RTOR period. There was a drop in accidents of
about 0.7 accidents/month during the gasoline shortage.

The similar series of bicycle accidents in Wisconsin rose 72%, from a

baseline average of 2.3 accidents/month to a post-RTOR average of about 4.0
accidents/month. Except for a slight dip in accidents during 1976, the rate
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Table 4. Accidents with Motor Vehicles Turning Right

at Signalized Locations.

Difference from Mean

{
Difference from Mean

Pre- Post- %
Mean® 1973 1974 1975 1976 1977 1978 1979 RTOR _RTOR _ Change
Wisconsin, Pedestrian 5.68 243  -143  -1.859 . 540 .99 2.57 - .26 -2.32d  7.99d 107%
Wisconsin, Bicyelist 3.39 -1.23 -1.06 - .I4d - .56 .94 .86 1.19 -1.08d .609 72%
Ohio, Pedestrian 12.31 - 472 -.14%  1.94¢ - 22 1t 2,03 | -3.70°  1.24° 57%
Ohio, Bicyclist 5.99 - -2.49 S1% 51 g 51 35 | -2.040 5P 80%
New Orleans, Pedestrian| 1.33 - .50 0.00 -.33 - .08°¢ .75 33f - .25% .63¢ 82%

8 Al data are accidents/month or differences of accidents/month

b western RTOR began 7/75, so there are 18 months "pre" and 54 months "post"
¢ pata for Sept. - Dec. 1976 missing from data tapes and estimated for analyses
@ western RTOR began 7/75, so there are 30 months "pre" and 54 months "post"
¢ Western RTOR began 10/76, so there are 45 months "pre" and 18 months "post"

f January - March only
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was steady throughout the years after the introduction of Western RTOR.
There was virtually no change in accident rate associated with the gas
shortage.

In Ohio, pedestrian accidents at signals with vehicles turning right
averaged 8.6 accidents/month before Western RTOR and rose 57% to a stable
average of more than 13,5 accidents/month in the 54 months after Western
RTOR. The difference was highly significant, Although accidents declined
almost 2 accidents/month during the periods of gasoline shortage, the amount
of accident rate increase associated with Western RTOR did not vary according
to whether or not the gas shortage was included in the time series model
estimation.

Bicycle accidents in Ohio at signals with vehicles turning right showed
very similar patterns over time. The baseline rate of about 3,75
accidents/month rose 80% to a value of over 6.7 accidents/month throughout
the period under Western RTOR; the difference was statistically significant.
The gas shortage was associated with a drop of less than one accident/month.

In New Orleans, pedestrian accidents were collected for 63 months, from
January 1973 through March 1978, Western RTOR was in effect for only the
last 18 months of this time period, beginning with October 1976. Accidents
with right-turning vehicles at signals averaged only 1.1 accidents/month before
RTOR but rose 82% to 2.0 accidents/month after RTOR. Although the overall
accident rate was quite low, the difference was statistically significant.

In all data series surveyed, then, there was observed a large and
statistically reliable increase in pedestrian and bicycle accidents at signalized
locations with striking vehicles turning right. Except for New York pedestrian
accidents, which rose somewhat gradually, the accident rates rose in a single
step, from a baseline level to a distinctly higher level, at the introduction of
" Western RTOR. In New York, alternate accident series were examined to
determine whether the effects of Western RTOR extended to accidents other
than those involving right turns at signals. No such rate changes were
observed.

C. Dynamics of Right on Red Crashes

1. Pedestrians in Los Angeles

Los Angeles has had Western RTOR for over 30 years. Pedestrian
accident reports from Los Angeles (City only) were accessed and read by
Dunlap staff as part of an ongoing evaluation effort in that City. The
accessed -data covered all police reported pedestrian crashes for the period
1973 to 1978. Specific procedures for coding, etc., have been discussed
elsewhere (see Blomberg et al., in process). The data set covers 19,383
events within the Los Angeles Police Department's jurisdiction (excludes
freeway events covered by the California Highway Patrol and five events for
which year was unknown) of which 933 (4.81%) involved a vehicle turning
right at a signalized location. For 526 of these (2.71%) it was clear that the
maneuver was performed on a red signal. The coding procedures in this
effort were not specifically designed for RTOR but nevertheless included the
following RTOR "accident types:"
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RTOR-left RIGHT TURN ON RED-LEFT:
‘ Pedestrian crossing from left to right
in front of a driver turning right on
red

RTOR-right RIGHT TURN ON RED-RIGHT:
Pedestrian crossing right to left in
front of a driver turning right on red

RTOR-across RIGHT TURN ON RED-ACROSS:
Pedestrian crossing parallel to driver's
original path before he made a right
on red, i.e., victim struck crossing
street into which driver turned

Of the three types, RTOR-right was by far the most prevalent and accounted
for 361 (69%) of the identified right-on-red events. These three types are
diagrammed in Figure 2. '

Red Signal
Phase

Z e
00e

RTOR - across
(LA - 20%) -

RTOR - left RTOR - right
LA - 11%) a (LA - 69%)

Note 1:  Traffic light is red for north-south; green for east-west
Note 2:  Arrows show pedestrian direction of travel

Figure 2. Types of RTOR pedestrian accidents coded in
Los Angeles with percent of each type found
in coding 526 such Los Angeles accidents.
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For both RTOR-left and RTOR-right, the pedestrian is crossing on a green
signal and may even have a "Walk" light. The RTOR-across situation involves
a pedestrian crossing against the traffic signal, The incidence of
RTOR-across is relatively low (20%) probably because Los Angeles pedestrians
generally do obey traffic signals. The RTOR-left situation is also an
infrequent crash event (11%). This may be partly due to the fact that the
vehicle is turning away from pedestrians on the left and partly because the
driver's attention is turned to the left looking for a gap in traffic and thus he
has a greater opportunity to see any pedestrians.

The dynamics of the situation suggest that RTOR-right should be
particularly dangerous. Simply, a driver stopped at a red light and preparing
to make a right turn is typically looking left to find a gap in traffic such that
the right turn can be made safely. The driver has difficulty seeing a
pedestrian crossing from the right directly in front of the vehicle. When later
asked about the accident, drivers will typically say "I never saw her." It is
likely that the driver does not even know he has struck a pedestrian in many
of these cases. Pedestrians typically say "He was there, stopped for the
light, and he just pulled out and hit me." In other words, the pedestrian is
crossing on the green signal, sees the car and doesn't believe it would just
pull out. The driver, looking left, never sees the pedestrian about to cross
from his far right,

Several analyses were performed comparing descriptive information
for "left," "right" and "across" types of events. The results showed that the
following variables did not discriminate among the three types of RTOR crashes
in Los Angeles: _

Month A Driver Age

Time of Day Pedestrian Sex

Day of Week Pedestrian Injury Severity
Vehicle Type Road Type

Table 5 shows the distribution for some of these variables collapsed across the
three RTOR event types. The results showed that RTOR pedestrian crashes
tended to be weekday events with the highest incidence on Monday, Tuesday
and Wednesday. They were also daylight events with about half occurring
between noon and 6:00 P.M. Injury severity tended to be low with most
events resulting in either moderate (43% "minor, but visible") or slight (50%
"complaint only") injuries. Pedestrians were most often hit by passenger cars
in business/commercial areas. Drivers were primarily male with an
overrepresentation of hit and run. Their median age was 31.8 years. Female
pedestrians were somewhat more common than male.

Three of the crash characteristic or descriptive variables did show
differences across the three RTOR accident types. First, as shown in Table
6, there were differences related to pedestrian age. Adult pedestrians,
especially 45 years of age and older, were more often involved in the
RTOR-right event while children and teenagers had relatively less involvement
in RTOR-right and more involvement in RTOR-left and RTOR-across.
Compared to other types of accidents at similar locations, however, all RTOR
accidents involved pedestrians of a very wide age range. Fully 27% were 19
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Table 5. Description of RTOR Accidents
in Los Angeles.

Day of Week

Time of Day

Pedestrian Injury

Vehicle Type

Locale
(1973-76 Only)

‘Driver Age

Pedestrian Sex

Sun Mon Tues Wed Thurs Fri Sat Total
47 92 90 91 68 81 57 526
(9%) (18%) (17%) (17%) (13%) (15%) (11%)
10p 6a 8a 10a 12 2p 4p 6p 8p
5:58a 7:59 9:59 11:59 1:59 3:59 5:59 7:59 9:59 Total
26 35 63 66 83 85 94 44 30 526
(5%)  (7%) (12%) (12%) (16%) (16%) (18%) (8%) (6%)
' None/
Fatal Serious Moderate Slight Unknown Total
3 24 227 265 7 526
(1%) (5%) (43%) (509%) (1%)
Passenger Van/
Car Taxi Bus Truck Qther Total
436 3. 4 43 40 526
(83%) (19) (1%) (8%) (8%)
Residential Business/Commercial Total
31 267
(10%) (90%) 298
Unk + 16- 21- 26- 36- 46~ 56~
Hit/Run 20 25 35 45 55 65 66+ Total
Co111 49 86 115 56 53 36 20 . 526
(21%) (9%) (16%) (22%) (119%) (10%) (79%) (4%) )
Male Female Total
235 291
(45%) (55%) 526
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Table 6. Pedestrian Age and Driver Sex by RTOR
Accident Types in Los Angeles. '

Pedestrian Age
10- 20~ 45~

2-9 19 44 64 65+ Unknown Total
RTOR Accident Subtype
RTOR - right 22 56 119 84 77 3 361
(55%)  (56%) (70%) (76%) (75%) (69%)
RTOR - left 5 19 16 9 10 0 59
(12%) (19%)  (9%) (8%) (10%) (11%)
RTOR - across 13 25 35 17 16 0 106 -
(32%)  (25%) (21%) (15%) (16%) (20%)
Total 40 100 170 110 103 3 526
Driver Sex
Hit and
Male Female Run Other Total
RTOR - right 181 90 ' 88 2 361
(70%) (78%) (60%) (69%)
RTOR - left 31 4 22 2 59
(12%) (4%) (15%) (11%)
RTOR -~ across 48 21 37 0 106
(18%) (18%) (25%) (20%)
Total 260 115 147 4 526
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years of age or less and 20% were 65 years of age or older. Second, also
shown in Table 6, there was an effect related ‘o driver sex which included the
category of driver hit and run. Simply, hit and run drivers were less likely
to be involved in the RTOR-right event while female drivers were less likely to
be involved in the RTOR-left event. The third variable related to the RTOR
types was weather. Simply, there was a tendency for the RTOR-left events to
be associated with rain and wet road surfaces. This finding is consistent with
the idea that the driver should see a pedestrian coming from the left except,
perhaps, during bad weather or poor visibility conditions.

In summary, the Los Angeles data cover an urban location where
Western RTOR has been in place for a considerable period. Accident patterns
should be stable, or at least more stable than in those eastern states recently
adopting Western RTOR. The results show that RTOR pedestrian accidents do
occur with considerable frequency. The primary threat or danger in the
RTOR situation is RTOR-right which involves a driver looking left for a gap in
traffic, finding a gap and pulling out into the path of a pedestrian crossing
from the far right in front of the previously stopped vehicle. The pedestrian,
crossing on a green signal, does not suspect that the driver will pull out.
These events tend to occur on weekday afternoons in business or commercial
areas. Pedestrians include all ages and typically suffer low to moderate
severity injuries.

2. Pedestrians in New York, Wisconsin and Ohio

As discussed in Chapter II, accident reports from New York,
Wisconsin and Ohio were accessed and read by project staff, Each accessed
report was identified, through computer codes, as involving a vehicle turning
right at a signalized location. While several data items were cocllected from
these reports, the most important items were "light phase facing driver" (i.e.,
was it a right turn on red) and the "directional analysis" which showed the
pedestrian and bicycle paths relative to the vehicle. As a general rule, the-
police accident reports from New York, Ohio and Wisconsin did not provide the
level of detailed crash information that was contained in the Los Angeles
reports. Therefore, many data points were coded as "unknown" or "not
available." Occasionally, accident reports confirmed an other-than-red or
green signal facing the driver, e.g., yellow, green arrow or pedestrian only
signal phase. Nevertheless, sufficient information was available to replicate
many of the analyses shown above for Los Angeles. It should also be noted
that for New York, Wisconsin and Ohio, the RTOR accident types were
expanded such that "RTOR-~across" was separated into "up" and "down." For
"up," the pedestrian or bicyclist was moving away from the vehicle (north in
Figure 2) and for "down" the pedestrian or bicyclist was moving toward the
vehicle (south in Figure 2).

. Table 7 shows accident geometry (the RTOR-accident types) by light
phase facing driver for the requested pedestrian reports from New York,
Wisconsin and Ohio following the introduction of Western RTOR. The results
showed that the light phase was unknown for one-third or more of these
crashes and that the accident geometry could not be determined for some of
the others. Nevertheless, where these items were available, it can be seen
that the majority of the crashes occurred on the red phase and the majority of
red phase crashes were RTOR-right. Further, on the green signal phase, the
"right" problem dropped substantially and was replaced by "up”" and "down."
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Table 7. Light Phase by Accident Type for New York,
Wisconsin and Ohio Pedestrian Crashes Under

Western RTOR.

Light Facing Right Turning Driver

Accident
Geometry Red Green Other Unknown

New York

1977-1978 right 61 (48%) 18 (22%) 0 19
left 11 ( 9%) 3 ( 4%) 0 5
up 18 (14%) 24 (29%) 0 11
down 13 (10%) 24 (29%) 0 14
other/unk 25 (20%) 13 (16%) 1 66
Total 128 82 1 115.

Wisconsin

7/1/75 - right -106 (73%) 9 (20%) 2 48

1979 left 4 ( 3%) 3 (7%) 0 7
up 21 (14%) 11 (25%) 1 57 .
down 9 ( 6%) 10 (23%) 0 48
other/unk 5 ( 3%) 11 (25%) 0 24
Total 145 44 3 184

Ohio

7/1/7% - right 176 (62%) 17 (15%) 8 48

1979 left 4 (1%) 7 ( 6%) 1 9
up 51 (18%) 36 (32%) 7 74A
down 32 (11%) 38 (34%) 1 64
other/unk 21 ( 7%) 14 (12%) 4 64 -
Total 284 112 21 259

Total

98
19
53
51
105

326

165
14
90
67
40

376

249
21
168

103

676
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In New York, 326 post-RTOR pedestrian reports were requested from
the State. Of these, 128 (39%) showed a red light facing the driver; 82 (25%)
showed a green light; and light phase was either unknown or other for the
remainder. The red phase events parallel Los Angeles in that most were
"right," least were "left" and some were "up" and "down." The green phase
events showed a very different pattern. "Up" and "down" were most
prevalent, which is consistent with the fact that when the light facing the
driver is green, the light facing pedestrians on the "up" and "down" (i.e.,
"across") leg of the intersection is also green. In Wisconsin, 376 post-RTOR
pedestrian accident reports were requested from the State. Of these, 145
(39%) showed a red light facing the driver; 44 (12%) showed a green light;
and the remainder were either light phase unknown or other. Accident
geometry was similar to that discussed above for New York. In Ohio, 676
post-RTOR pedestrian accident reports were requested from the State. Of
these, 284 (42%) showed a red light facing the driver; 112 (17%) showed a
green light; and the remainder were either light phase unknown or other.
Accident geometry (i.e., RTOR-right on red, "up" and "down" on green) was
similar to that found for New York and Wisconsin. Also in Ohio, 153 reports
were requested for the period prior to Western RTOR. Of these, 12 (8%)
showed a red light facing the driver; 46 (30%) showed a green light and the
remainder were other or unknown.

In Los Angeles, based on careful reading of detailed accident

reports, 526 pedestrian accidents were coded as right-on-red; this was over
56% of the total of 933 events involving vehicles turning right at signals. In
New York, Wisconsin and Ohio from 35% to 49% of the events involved unknown
signal phases. Nevertheless, it is of interest to estimate the actual percentage
of vehicle-turning-right-at-signal accidents which involved right-on-red. This
number, if known accurately, would not only document the full magnitude of
the RTOR accident type but also allow estimation of the change in RTOG (right
turn on green) accidents coincident with the introduction of the Western RTOR
-rule. This latter estimation permits apportioning the observed RTOR crash
magnitude between a net increase in total accidents and a substitution of RTOR
crashes for RTOG. '

Many estimation procedures are plausible. The one utilized here
distributed the "unknown" light phase accidents for each accident geometry in
each state among the "red," "green" and "other" categories proportionally to
the frequencies actually there. For example, in the first row of Table 7, the
19 unknowns were split according to the 61:18:0 ratio in the other categories,
or 15:4:0, to produce an adjusted reduced row of 76:22:0. In the fifth row,
the 66 unknowns were apportioned according to the known frequencies of
25:13:1, for an adjusted reduced row of 67:35:3. This procedure is based on
the principle that accidents of unknown phase are distributed as are
known-phase accidents of the same geometry. The estimates produced by this
procedure are quite similar to ones generated by the procedures of either
ignoring the unknowns or splitting them equally between "red" and "green"
and were used because they made use of more classification information.

In outstate New York, the estimation procedures described above led
to an estimated 61% of the right-at-signal pedestrian accidents as RTOR, 38%
were RTOG, and 1% were "other." (e.g., yellow, traffic control officer,
arrows, etc,). This translated into about 8.3 RTOR accidents/month in
outstate New York. In Wisconsin, the right-at-signal pedestrian accidents
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were estimated to be 69% RTOR, 30% RTOG and 2% "other." In the post
period, then, about 4.8 accidents/month were RTOR in Wisconsin. For Ohio in
the post period, it was estimated that about 64% of the right-at-signal
pedestrian accidents, or 8.7 accidents/month, were RTOR, 31% were RTOG and
6% were "other." With this information, it was possible to derive estimates as
to the percentage of all pedestrian and bicycle accidents under the Western
RTOR law which involved a vehicle turning right on red. These percentages
were 1.12%, 1.60%, 2.26% and 2.71% of all pedestrian accidents in New York,
Ohio, Wisconsin and Los Angeles, respectively. These percentages were
1.39%, 1.50% and 1.70% of all bicycle accidents in Ohio, Wisconsin and New
York, respectively.

The results in Table 8 cover the post period reports from each state
which involved motor vehicles turning right on red signals. The samples are
not strictly comparable because each was taken from a larger sample with
varying proportions of "unknown phase" (which are excluded from the Table)
and because the Los Angeles reports were not separated into the "up" and
"down" accident subtypes. Nevertheless, the distributions are quite similar
across jurisdictions, with about two-thirds RTOR-right and the rest split
between, in their order of representation, RTOR-up, RTOR-down and
RTOR-left.

Several analyses were conducted to describe the New York,
Wisconsin and Ohio RTOR pedestrian events. Table 9 shows the results for
some of these analyses. This Table is similar to Table 8 in that it covers only
vehicle turning right on a red signal and excludes "unknown" and atypical
events. These results, in all three states, show that male drivers were more
often involved than females. However, also in all three states, the pedestrian
was more often female. The striking vehicle in these events was most often a
passenger car including station wagons. The median age of drivers was about
30 years; the median age for pedestrians was nearly 40 years although
pedestrians of all ages, including very young and old, were involved. Other
analyses showed that, as in Los Angeles, these events tended to occur on
weekday afternoons. Injury severity, while difficult to compare across several
state coding schemes, was low to moderate: in New York, all pedestrians were
listed as "injured." In Wisconsin, 1% (2 cases) were fatal, 6% were "serious,"
28% were "visible" and 64% were "claimed." In Ohio, less than 1% were fatal (1
case), 2% were "incapacitating," 35% were "visible," 50% were "claimed" and 10%
were "no" or "not stated." Each state was broken into large cities, smaller
towns, etc., or densely populated counties versus rural counties, etc. The
results showed that RTOR accidents were far more frequent in densely
populated areas possibly because there are more traffic signals and/or possibly
because there is more pedestrian traffic or vehicle traffic. However, there did
not seem to be any major differences between the nature of the accidents in
large cities and small towns. It appears that the problems confronting drivers
and pedestrians in the RTOR situation are similar whether the traffic signal is
in a large city or a small town.

In summary, New York, Wisconsin and Ohio have recently
implemented Western RTOR. Police accident reports for vehicles turning right
at signalized locations under the Western RTOR rule were accessed and read.
Often, the reports did not supply sufficient information to determine the actual
light phase just prior to the crash. However, where light phase could be
determined, it was red by a ratio of about two-to-one. Under a red signal,
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Table 8. Distribution of Pedestrian Accidents
Under Western RTOR, Vehicles Turning
Right on Red Signal.
New York Wiseonsin Ohio Los_Angeles
(1977-78) (1975-79) (1975-79) (1973-78)
RTOR Accident Type
right 61  (59%) 106 (76%) 175  (67%) 361  (69%)
left 11 (11%) 4 (3%) 4 (2%) 59 (11%)
up 18 (17%) 21 (15%) 51  (20%) '
(106  (20%))*
down 13 (13%) 9 (6%) 31 (12%)
Total 103 140 261 526

*"up" plus "down" equals "across" in Los Angeles.
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Table 9. Description of Pedestrian Aeccidents in New York,
Wisconsin and Ohio Under Western RTOR, Vehicles
Turning Right on Red Signal.

New York Wisconsin Ohio

(1977-78) (1975-79) (1975-79)
Driver Sex
Male 81 (65%) 81 (56%) 117 (42%)
Female 27 (22%) 43 (30%) 65 (23%)
Hit and Run 16 (13%) o2 (14%) 98 (35%)
and Unknown ‘
Pedestrian Sex
Male ¥ (38%) 42 (29%) 103 (37%)
Female 71 (6%%) 101 (70%) 127 (45%)
Unknown (] (0%) 2 (1%) 50 (18%)
Vehicle Type
Car 92 (74%) 118 (81%) 234 (84%)
Other 14 (11%) 11 (8%) 38 (14%)
Unknown 18 (15%) 16 (11%) - 8 (3%)
Median Driver Age = 30.9 yrs. 29.9 yrs. '28.9 yrs.
Median Pedestrian Age* = 47.8 yrs. 35.0 yrs. 38.6 yrs.

* pedestrian age distributions were bimodal consisting of young and old with few middle ages.
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RTOR-right was by far the most common accident geometry. Under green,

pedestrians were most often hit as the vehicle exited the intersection with the
"up" and "down" accident geometry occurring about equally often. Further
analysis of the red situation showed that it typically involved a male driver in
his thirties striking a female pedestrian, and most crashes occurred in the

afternoon and resulted in low pedestrian injury severities. RTOR events in
New York, Wisconsin and Ohio appear quite similar to the Los Angeles events
discussed in the previous section.

3. Bicyclists in New York, Wisconsin and Ohio

Police accident reports involving bicyclists from New York, Wisconsin
and Ohio were accessed and read using the same procedures as discussed
above for pedestrians. As with pedestrians, "light phase facing driver" and
the "directional analysis" were the most important items. Further, it was
important to know whether the bicyclist's collision course originated from the
sidewalk or from the roadway. It should be noted that the question of
accident geometry as a valid criterion for RTOR accident subtyping was
reconsidered for the bicycle events and it was felt that the types developed
for pedestrians were also appropriate for bicycles. The bicycle accident
typing work done by Cross and Fisher (1977) did contain an RTOR accident
type referred to as "Type 10, Motorist Turn-Merge: Intersection Controlled
by Signal." All of the Type 10 Cross and Fisher accidents were right-on-red
and they report 85% RTOR-right and 15% RTOR-left (p. 219). Not
surprisingly, none of the Cross and Fisher Type 10 accidents involved a
fatality, suggesting that RTOR bicycle accidents, as RTOR pedestrian
accidents, tend to be of low injury severity. -

Table 10 shows accident geometry by light phase facing the driver
for the requested bicycle reports from New York, Wisconsin and Ohio following
- the introduction of Western RTOR. Unfortunately, light phase was "unknown"
for about half of the crashes and accident geometry could not be determined
for some of the others. Nevertheless, as with pedestrians, it can be seen that
the majority of "known" lights were red and the majority of red phase crashes
were RTOR-right. Also, as with pedestrians, the "right" problem was much
less predominant on the green phase and was replaced by "up" and "down."

In New York, 359 post-RTOR bicyclist reports were requested from
the State. Of these, 66 (18%) showed a red light facing the driver; 49 (14%)
showed a green light and the remainder were other or unknown. The red
phase events were predominately RTOR-right and the green phase events were
divided between "right," "up" and "down." This pattern of results is similar
to the pattern found for pedestrians struck by vehicles turning right at
signalized locations. In Wisconsin, 217 post-RTOR bicyclist reports were
requested from the State. Of these, 61 (28%) showed a red light facing the
driver, 28 (13%) showed a green light and the remainder were other or
unknown. Accident geometry was again similar to that found for pedestrians.
In Ohio, 355 post-RTOR bicyclist reports were requested. Of these, 131 (37%)
showed a red light facing the driver; 53 (15%) showed a green light and the
remainder were other or unknown. Accident geometry was again similar. Also
in Ohio, 58 bicyclist reports were requested for the period prior to Western
RTOR. Of these, 4 (7%) showed a red light facing the driver, 22 (38%)
showed a green light and the remainder were other or unknown.
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Table 10.

Light Phase by Accident Type for New York,

Wisconsin and Ohio Bicycle Crashes Under

Western RTOR.

New York
1977-1978

Wisconsin
7/1/75 -
1979

Ohio
7/1/75 -
1979

Accident
Geometry

right
left
up
down

other/unk

Total

right

left

up

down
other/unk

Total

right
left
up
down

other/unk

Total

Light Facing Right Turning Driver

Red Green Other Unknown
38 (58%) 13 (27%) 4 81
5 ( 8%) 5 (10%) 2. 10
6 ( 9%) 12 (24%) 1 43
7 (11%) 11 (22%) 0 36
10 (15%) 8 (16%) 0 67
66 49 7 237
44 (72%) 7 (25%) 1 23
4 ( 7%) 3 (11%) 0 7
6 (10%) 11 (39%) 1 48
4 ( 7%) 1 ( 4%) 0 31
3 (5%) 6 (21%) 0 17
61 28 2 126
90 (69%) 18 (34%) 4 30
8 ( 6%) 4 ( 8%) 0 8
14 (11%) 15 (28%) 2 77
7 ( 5%) 14 (26%) 0 34
12 ( 9%) 2 ( 4%) 1 15
131 53 7 164

Total

136
22
62
54

359

75

14

66
36
26

217

142
20

108
55
30

355

36
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The results in Table 10 cover all post-period requested reports.
Light phase was unknown for many events and a few involved highly atypical
situations such as car-hits-car-hits-bicyclist. Unlike pedestrians, most
bicyclists originated their collision course from in the roadway as opposed to
from the sidewalk. Figure 3 separates the "from roadway" and "from sidewalk"
events and deletes unknowns and atypical crashes. All events shown in the
Figure involve a vehicle turning right on a red signal during the Western
RTOR or post period. The Figure shows, across all three states, that
RTOR-right was the major problem for bicyclists as it was for pedestrians.
Overall, 75% of these "known" and "typical" crashes were of the RTOR-right
type. In all cases (right, left, up and down) more bicyclists began their
collision course from the roadway than from the sidewalk. The 75%
RTOR-right was composed of 47% from the roadway and 28% from the sidewalk.
It should be noted, however, that this difference came from New York and
Ohio. In Wisconsin, only 5 RTOR-right events originated from the roadway
while 35 originated from the sidewalk.

Conceptually, the RTOR-right problem for bicyclists is similar to the
problem for pedestrians. The motorist is looking left for a gap in traffic and
the bicyclist does not believe that the motorist would just pull out against the
light. However, there are some important differences. First, the bicyclist is
typically moving faster than a pedestrian in the same situation. This is
particularly true for a bicyclist coming from the roadway. Second, the
bicyclist coming from the roadway is engaged in "wrong way riding" on the
left side of the street, illegally against the flow of traffic. The bicyclist,
therefore, is coming from an especially "unexpected and unusual" location from
the motorist's point of view. :

Following the procedure described above for pedestrian accidents,
the unknown signal phase bicycle accidents were redistributed to estimate the
" proportion of RTOR, RTOG and "other" accidents making up all the
motor-vehicle-turning-right-at-signal bicycle accidents. For outstate New
York, it was estimated that 53%, about 7.9 accidents/month, were RTOR, 42%
were RTOG and nearly 5% were "other." In Wisconsin, the estimates were 61%
(about 2.4 accidents/month) RTOR, 37% RTOG and 2% "other." In Ohio during
the post period, it was estimated that 61% of the motorist-turn-right-at-signal
accidents, (4.1 accidents/month) were RTOR, 35% were RTOG and 4% were
"other." '

Several analyses were conducted to describe the New York,
Wisconsin and Ohio RTOR bicycle events. Table 11 shows the results for some
of these analyses. The data presented in this Table cover only events for
which the driver was turning right on a red signal and "atypical" events are
excluded. The results show that, as with pedestrians, RTOR bicycle events
more often involved male motor vehicle drivers. The bicyclist victim was also
typically male though the percentage of female bicyclists was higher in this
accident than in other bicycle/motor vehicle crashes. Median driver age was
between 32 and 38, somewhat higher than with pedestrians. Median bicyclist
age was approximately 15 years, somewhat high when compared to all
bicycle/motor vehicle accidents. Median bicyclist age in the Cross and Fisher
(1977) non-fatal sample of bicyclists involved in motor vehicle crashes was
approximately 13.7 years. Approximately half to two-thirds of these RTOR
crashes occurred between noon and 6:00 p.m. Injury severity, while difficult
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Figure 3. Direction and location for bicycle crashes
involving a motor vehicle turning right on
a red signal.

38



Table 11. Description of Bicyecle Accidents in New York,
Wisconsin and Ohio Under Western RTOR, Motor
Vehiecles Turning Right on Red Signal.

New York Wisconsin Ohio
(1977-78) (1975-79) (1975-79)
Driver Sex
Male 40 (62%) 36 (60%) 59 (45%)
Female 23 (35%) 19 (32%) 42 (32%)
Unknown 2 (3%) 5 (8%) 29 (22%)
(+ Hit and Run)
Bicyclist Sex
Male 46 (71%) 35 (58% ) 67 (52%)
Female ‘19 (19%) 24 (24%) 42 (32%)
Unknown 0 (0%) 1 (2%) 21 (16%)
Vehicle Type
Car ) 61 - (94%) 53 (88%) 109 (84%)
Other 2 (3%) 5 (8%) 18 (14%)
Unknown 2 (3%) 2 (3%) 3 (2%)
Median Driver Age = 35.2 yrs. 37.7 yrs. 32.3 yrs.
Median Bicyelist Age = 15.9 yrs. -14.4 yrs. 14.2 vrs.
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to compare across several state injury severity coding schemes, was low to
moderate. None of the studied RTOR bicycle events resulted in a fatality. In
New York, all were listed as "injury." In Wisconsin, 10% were "serious"
injury, 40% "visible," 40% "claimed" and 10% none. In Ohio, 36% were "visible
injury," 35% "claimed injury," 19% "no injury" and 10% not stated.

In summary, police accident reports for vehicles turning right at
signalized locations under the Western RTOR rule and striking pedestrians or
bicyclists were accessed and read. Often, the reports did not supply
sufficient information to determine the actual light phase just prior to the.
crash. However, where the light phase could be determined, it was red by a
ratio of about two to one. As with pedestrians, the red signal phase was most
often associated with RTOR-right. In New York and Ohio, these RTOR-right
events more often involved wrong-way riding bicyclists entering the
intersection from the roadway as opposed to from the sidewalk. On the green
signal phase, the accident geometry was most often "up" or "down" followed by
"right." Further analysis of the red situation showed that it typically
involved a male driver about 35 years old striking a male bicyclist about 15
years old during the afternoon and resulted in low injury severities. In
general, the bicycle accident situation is quite similar to the pedestrian
situation discussed above. Drivers, about to turn right on a red signal, are
looking left for a gap in traffic and never see the bicyclist coming from their
right. Bicyclists, usually riding the wrong way, facing traffic, are traveling
through the intersection on a green signal and don't expect cross street traffic
to pull into the intersection for a right turn. The result is a low speed
bicycle/motor vehicle crash.



IV. DISCUSSION

Prior to the mid 1970's, only a few states had RTOR in its Western or
permissive version. From about 1974 to 1977, many more states joined those
with Western RTOR such that by 1980 the maneuver was permitted everywhere
in the United States except in New York City or where specifically prohibited
by a traffic control device. The first question addressed by this study was
whether or not this change to Western RTOR was associated with a change in
the number of pedestrian and bicyclist accidents. The answer was clearly
yes. Four pedestrian and three bicycle accident data bases all showed
statistically significant increases in the number of crashes involving a right
turning vehicle at a signalized location. These increases, ranging from 43% to
over 100%, could be directly attributed to the adoption of Western RTOR.

The amount of these increases in crashes involving a right turning motor
vehicle at signalized locations was calculated in three different ways. First,
the percentage of all crashes involving a right turning vehicle at a signalized
location was calculated for each data base both before and after Western RTOR
(see Table 1). These percentages during the pre period for both pedestrians
and bicyclists ranged from about 1% to 2% of all crashes. In the post period,
the proportions ranged from about 1.5% to 4%. The percentage increases in
these proportions, pre to post, were 45%, 66%, 86% and 96% for pedestrians in
New York, Ohio, Wisconsin and New Orleans, respectively. For bicyclists, the
percentage increases were 85%, 90% and 123% in Wisconsin, New York and Ohio,
respectively.

The second method used to calculate the magnitude of these increases was
simply to compare the number of these crashes per month (with seasonal
variation extracted) both before and after Western RTOR (see Tables 2-4).
The percentage increases in the monthly averages using this method were 43%,
57%, 82% and 107% for pedestrians in New York, Ohio, New Orleans and
Wisconsin, respectively. For bicyclists, the percentage increases were 72%,
80% and 82% in Wisconsin, Ohio and New York, respectively.

A third method used to examine the amount of these increases was to
represent them as increases in the absolute numbers of crashes per month (see
Tables 2-4). Obviously, using this method, large data bases such as New
York and Ohio should show large increases and small data bases (e.g., New
Orleans) should show small increases almost regardless of the percentages
shown above. Nevertheless, these absolute increases were 0.88, 3.61, 4.08
and 4.94 for pedestrian accidents per month in New Orleans, Wisconsin, New
York and Ohio. Together, these increases total 13,51 accidents per month or
162.12 accidents per year across these four jurisdictions with a population base
of about 26 million. For bicyclists, these absolute monthly increases were
1.68, 2.99 and 6.72 for Wisconsin, Ohio and New York, respectively.
Together, these increases total 11.39 accidents per month or 136.68 accidents
per year across the three jurisdictions with a population base of about 25
million.,

The present study was also designed to examine the characteristics of
pedestrian and bicycle crashes at signalized locations involving a right turning
motor vehicle. In particular, it was of interest to estimate the number of
right turn crashes under the Western RTOR law which were right turn on red
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as compared with right turn on green. The results for pedestrian accidents
suggested that approximately 60%-65% were on red, approximately 35% on green
and the remainder involved other signal indications such as turn arrows and
traffic officers. The results for bicycle accidents suggested that
approximately 55%-60% were on red, nearly 40% were on green and the
remainder were other signal indications, It was also estimated that 1.12%,
1.60%, 2.26% and 2.71% of all pedestrian accidents in New York, Obhio,
Wisconsin and Los Angeles, respectively and 1.39%, 1,50% and 1.70% of all
bicycle accidents in Ohio, Wisconsin and New York, respectively involved a
vehicle turning right on a red signal. ‘

A. Design Considerations

It should be noted that this study focused primarily on right turns at
signalized locations while other authors have chosen to examine all signalized
intersection activity. Right turns are obviously the most proximate measure
since it is the right turn maneuver which is directly affected by the law. Al
intersection activity is a much more global measure, it is affected by many
factors, and right turns are only one of its components. Nevertheless, it was
possible that Western RTOR produced some changes in pedestrian and bicycle
accidents not involving right turning motor vehicles. In fact, signalized
locations are complex and interactive and permitting one maneuver could
influence drivers engaged in some other maneuver. For this reason, signalized
location data in the current study were analyzed in several different ways
looking for other pedestrian and bicycle accident changes that might have been
associated with the implementation of Western RTOR. As discussed in Chapter
III, Section B, no systematic changes were found. Thus, it would appear that
focusing only on right turns as a primary measure did provide a sensitive
estimate of the impact of Western RTOR for pedestrians and bicyclists.

It should also be noted that the availability of the RTOR maneuver may
‘have prompted some drivers to alter their route selection such that they are
now making more right turns at signalized locations than they made prior to
Western RTOR. In other words, increases in the absolute number of right
turns at signalized locations could have contributed to the observed accident
increases. However, it is not likely that changes in route'selection influenced
the findings to any significant degree. First, it seems unrealistic to suggest
driver route planning changes that could occur within days of Western RTOR
implementation and lead to 50%-100% increases in right turns at signalized
locations. Such changes would have to have been that large and that rapid to
account for the observed changes in the accident data. Second, even if such
driver route changes had occurred and were accounting for the reported RTOR
effects, they should have affected all road users equally, but they apparently
did not. Zador et al. (1980) reported vehicle (only) c¢rashes to have increased
by only 20% and the AASHTO (1979) estimate for vehicles was only 37%.
Estimates of accident increases for pedestrians and bicyclists range from 43% to
123% from the current study and 57% from Zador for pedestrians. Thus,
pedestrians and bicyclists seem to have been unusually affected.
Nevertheless, there remains the possibility that some of the observed increases
could be accounted for by driver route selection changes. However in the
absence of pre/post on-street observational (exposure) data to measure the
actual rates of right turns at signalized locations, it is impossible to estimate



the influence of this factor. Further, even if some route changes did occur,
their effect may simply have been to increase pedestrian and bicycle RTOR
accidents and need not necessarily have been associated with accident
decreases for some other type of accident.

B. Time Series

One truly surprising finding in the current study was that the accident
increases found were both immediate and. continuing. It was as if the number
of right turning accidents jumped up to some new level, 50%-100% higher than
the old level, as soon as Western RTOR became effective and stayed there
throughout the data collection period. Specifically, the best-fitting time series
models tended to be simple step functions in which accident frequency steps
up to some new level immediately following Western RTOR adoption. This was
quite contrary to traditional expectations which predicted some implementation
period as drivers began using the maneuver; followed by a learning period as
drivers, pedestrians and bicyclists became familiar with it; followed by some
steady or continuing level of performance. While all of these stages may have
occurred, they must have happened very quickly since the accident data
showed an immediate increase which remained relatively constant thereafter.
The one exception to this result was for pedestrian accidents in New York
which rose only slightly in the first year followed by a sharp rise in the
second year after Western RTOR implementation. Also, the Los Angeles data
provide further evidence that RTOR accidents continue with considerable
frequency well beyond the two, three and four vear periods after RTOR
adoption covered in this study.

C. Nature of the Problem

The secondary objective of this study was to describe pedestrian and
bicycle RTOR accident events. Descriptive information was of value regardless
of whether the absolute number of crashes had increased, decreased or
remained the same. In particular, there was interest in identifying any new
pedestrian or bicycle accident types or situations associated with the RTOR
maneuver. The results clearly showed that "RTOR-right" (vehicle starting
turn with victim crossing from right-to-left in front of it) is such a special
accident situation with specific inherent dangers for both pedestrians and
bicyclists. Drivers, looking left for a gap in traffic simply do not see
pedestrians and bicyclists coming from their right. Pedestrians, in particular,
are lulled into a false sense of security when they see the stopped vehicle and
begin their crossing with a green light and, perhaps, a "Walk" signal.
Pedestrians apparently do not realize that the driver is looking left and could
move forward at any moment.

The RTOR-right situation can arise at any signalized intersection, urban
or rural. It typically occurs on weekday afternoons and typically produces a
low injury severity event. No single pedestrian age group predominates. The
pedestrian is female in a small majority of cases. The bicyclist is typically a
teenaged male. Drivers, as in most pedestrian and bicycle accidents, are
typically male with a median age of about 30 to 35 years.

While the present results add a great deal of spec1f1city to the description

of RTOR events, it should be noted that RTOR accidents had also been
identified by  previous researchers. For pedestrians, Snyder and Knoblauch
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(1971) identified "Right Turn Attention Conflict Reduction" as a possible
countermeasure area. They specifically suggested "removal of right turn on
red," "pedestrian barrier if right turn on red needed" and "pedestrian--only
signal phase." For bicyclists, Cross and Fisher (1977) identified a specific
bicycle accident--"Problem Type 10, Motorist Turn-Merge: Intersection
Controlled by Signal." Cross and Fisher stated that: "In all cases of this
type, the motorist came to a complete stop at a signalized intersection,
searched for traffic approaching from the left in the near traffic lanes, and
proceeded to make a right-turn-on-red." These Type 10 accidents were
divided 85% RTOR-right and 15% RTOR-left. Also, Cross and Fisher interview
data showed that: "In 86% of the cases, the bicyclist observed the motor
vehicle, but proceeded through the intersection with the faulty assumption that
he had been or would be detected by the motorist."

D. Countermeasures

The focus of this study was not countermeasure development.
Nevertheless, the present results do suggest certain areas where
countermeasures should be considered. One possibility, of course, would be
to repeal the RTOR statutes. However, this is not likely now that Western
RTOR is in place in all 50 states.and drivers have become accustomed to it.
Further, pedestrians and bicyclists are only one part of the overall situation.
Any repeal effort must also consider fuel savings, possible air pollution
benefits, reduced travel delay as well as single and multiple vehicle crashes.
Also, it may be possible to solve much of the pedestrian and bicycle RTOR
safety problem through countermeasures short of outrlght repeal. Further
analysis and development of potential countermeasures in the following four
areas appears beneficial:

Bicyclist Education - The RTOR bicycle problem begins with
wrong-way riding. Many bicyclists do not understand the problems in
wrong-way riding and the need to ride on the right side of the roadway.
Right side riding could be fostered through public education, in-school
training and/or enforcement of existing rules of the road. Public
education messages, training materials (a fourth grade curriculum and
guidance to parents and police) and a model regulation to combat
wrong-way riding have already been de51gned under another NHTSA
contract (DOT-HS-7-01726, Blomberg et al., in process). Therefore, this
countermeasure area can be explored expeditiously by completing the
development of these countermeasures, testing them and, if successful,
promulgating them.

Pedestrian Education - The pedestrian, about to enter a RTOR-right
situation, is often provided with a variety of cues. The vehicle may be
oriented towards a right turn, the vehicle's right directional signal may
be flashing or the driver may be looking left. Pedestrians can possibly
be taught to look for these cues and, if any are present, the pedestrian
can possibly be convinced to delay crossing until the next green light,
wait until the vehicle is gone, establish eye contact with the driver, or
cross behind the vehicle which could potentially turn right (even though
this might mean leaving a crosswalk).

Warrants - Western RTOR specifically provides for sign prohibitions
on certain intersection approaches. Existing warrant recommendations
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suggest that these signs should be used in locations which have
significant pedestrian traffic. It is suggested that these warrants be
further researched so as to identify target locations more specifically in
terms of relevant parameters and to include bicycle traffic.

Traffic Engineering - RTOR could be modified through traffic
engineering approaches to provide a compromise between the mobility,
etc., benefits and the engendered pedestrian and bicycle safety problems.
One such approach would be to utilize a signal phase during which
pedestrians would have exclusive use of the intersection. Vehicular
movements would be governed by a red signal in all directions and an
illuminated RTOR prohibition. Thus, during normal vehicular movements
under a green signal on one leg of the intersection, say north/south,
RTOR would be permitted on the other, e.g., east/west, and all
pedestrian movements would be prohibited by "Don't Walk" signs. While
pedestrians were permitted to cross, no vehicular movements, including
RTOR, would be allowed.

Another engineering approach would be to provide a RTOR "box" at
intersections. Under this scheme, the pedestrian crosswalk would be set
back about 25 feet from the intersection to allow sufficient space for the
right turning vehicle to stop after clearing the crosswalk. Since
pedestrians would be crossing behind the turning vehicle, they would be
protected from it. Moreover, drivers traversing the crosswalk to get to
the "box" would only have to search forward and slightly to each side for
vehicular, pedestrian and bicycle threats. Thus, there would be a
greater likelihood of detecting a threat than in the current RTOR
situation in which the driver is focusing the majority of his attention to
the left to find a gap in traffic.

These approaches and others with an engineering orientation are
currently only at the idea stage but appear worthy of further
exploration. '

Theoretically, there is a fifth countermeasure area concerning drivers.
Drivers could be informed of the RTOR-right problem and/or of the
requirement that they proceed only when it is safe. Unfortunately, there is
evidence (Blomberg et al., in process) that the driver's task in this situation
is already overly demanding, and it is likely that admonitions for additional
searching will not have any effect. While driver education could be tried, the
expected benefits from this approach do not appear as great as from bicyclist
and pedestrian education. Simply, education alone cannot remove an overload,
although it might teach a driver about the hazards of the RTOR situations.
However, the complete or even significant avoidance of right turns on red is
not viewed as a reasonable educational objective. Therefore, only minimal
benefit could be expected from any attempt to modify driver behavior in the
RTOR situation.

E. Conclusions
The results of this study clearly show that Western RTOR has produced a
significant problem for pedestrians and bicyclists. While the associated

accidents result in few fatalities and generally low injury severities, they may
constitute between 1% and 3% of a state or city's total pedestrian or bicyclist
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accidents. Repeal of Western RTOR is not likely, nor should it be undertaken
without also considering the full range of RTOR effects including accidents
involving vehicles (only), fuel savings, delay savings, etc. Nevertheless, in
the absence of repeal, the pedestrian and bicycle problem should be considered
in any future RTOR deliberations, and it appears beneficial to undertake the
development of specific pedestrian and bicycle RTOR accident countermeasures,
The opportunity for the identification of successful countermeasures is
enhanced by the relative commonality of precipitating and predisposing factors
in RTOR pedestrian and bicyclist accidents. The vast majority of the crashes
can be categorized as RTOR-right, a situation in which the victim, coming
from the driver's right, is never detected because the driver is looking to his
left for a gap in traffic. Initial countermeasure efforts appear best directed at
this predominant sub-type and, for reasons cited above, should likely
concentrate on bicyclist and pedestrian educatlon as well as altering traffic
engineering parameters.
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APPENDIX A

The following is a list of the Eastern states showing the effective date of
their RTOR law and the status of RTOR prior to the Western rule:

Western RTOR Prior Status
State ' Effective Date of RTOR

New England

Maine 05/01/78 Eastern rule
New Hampshire 11/01/75 Eastern rule
Vermont 07/01/77 Eastern rule
Massachusetts 01/01/80 Prohibited
Connecticut 07/01/79 Eastern rule
Rhode Island 07/01/76 No RTOR law
Mid-Atlantic

New York (not NY City) 01/01/77 _ Eastern rule
New Jersey 01/06/77 No RTOR law
Pennsylvania 07/01/77 No RTOR law
South Atlantic

Delaware 05/05/76 : Eastern rule
Maryland 07/01/78 : Eastern rule
Virginia A 01/01/77 Eastern rule
West Virginia 05/24/75 No RTOR law
North Carolina 07/01/74 No RTOR law
" South Carolina 05/16/77 Eastern rule
Georgia 07/01/75 Eastern and Western

depending on
county population

South Central

Alabama 08/18/76 - No RTOR law

Mississippi 07/01/76 - Eastern rule
Tennessee 03/23/76 Eastern rule
Kentucky 06/22/74 No "signal" defined
Louisiana ' 10/01/76 Eastern rule

North Central

Ohio 07/01/75 (See text)
Indiana 07/01/74 Eastern rule
Illinois 01/01/74 Eastern rule
Missouri 08/13/74 Eastern rule
Iowa 07/01/74 Eastern rule
Minnesota 1972 Eastern rule
Wisconsin 07/01/75 No RTOR law
Michigan 03/01/76 No RTOR law
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APPENDIX B

Accident Series Analyses

Summarized in this Appendix are the monthly accident series relevant to
the impact of the Western-style Right Turn on Red law. There are described
eight pedestrian and eight bicycle accident series from New York State, one
pedestrian and one bicycle accident series from Ohio and Wisconsin and one
pedestrian series from the City of New Orleans.

Each series is presented in full and brief summaries of two types of analyses
are also given.

Analysis of Variance (ANOVA). Each accident series forms a rectangular
year by month matrix. This was analyzed by a standard two-way ANOVA pro-
cedure. Because the data were collected according to a time sequence, it is
unlikely that all the assumptions of data independence which ANOVA requires
are met. However, the main effect and interaction terms of the ANOVA are
useful descriptors of the data and provide guidelines for the interpretation of
subsequent analyses. Specifically:

. The year x month interaction mean square is a rough estimate
of the residual squared standard error in a good-fitting time
series model because the interaction term is an estimate of the
variability in the monthly accident data after the year and
month main effects are subtracted.

. The month main effect F-ration and its attendant significance
level provide a measure of the strength of the seasonal cycles
in the data—the tendency for accident rates to be consistently
high or low during particular months or seasons of the year.

A large month effect here means that an adequate time series
model is likely to have to make major seasonal adjustments.

. The year main effect F-ration and significance level are pre-
liminary estimates of whether Western RTOR has had an effect
on accident rates. Although this test is general and not pre-
cisely aligned with the presence or absence of the intervention,
a high F-ration points to significant variation which may be cor-
related with the introduction of Western RTOR. CorW—e'f'sely, an
F-ratio near or below 1.0 is an indication that it 1s highly un-
likely that Western RTOR has had any impact.

Both main effect interpretations suffer when the meaningful Western RTOR
on/off periods do not precisely align with year boundaries.

Box-Jenkins time series analysis. Several kinds of models were fit to each
accident time series. The adequacy of a time series model to fit its data is
measured by two primary statistics: The residual standard error, a measure of
the differences between the actual data and the data points predicted by the
model; and the degree to which those differences, or residuals, have no time-
dependent patterns. The residual standard error is shown as SE residual in the
time series table. The tlme—mdependence of the residuals is labeled "Q" in the
table; it is essentially a x2 measure of the first 25 or so lag correlations of
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the residual series. To evaluate the Q statistics, their degrees of freedom are
shown along with the probability that the lag correlations could form a residual
series without systematic time-dependent fluctuations.

In general, for better time series models, SE residual values should be low
and Q values should be equal to or less than their degrees of freedom.

For each series, up to five types of "models" are summarized. The first
two are simply initial descriptions of the accident data to aid the development
of precise models. They are:

. None--i.e., the original data series.

. (1-B12)--j.e., the series formed by annual differencing—-subtracting
from each datum the datum for the same month in the preceding
year (if known). This series is 12 data shorter than the original
series.

The models themselves were developed under an iterative procedure by which
initial models were hypothesized and tested, and as necessary parameters were
added or subtracted and the amended models were tested until the final ver-
sions were satisfactory. For each series, a model was developed which directly
tested the hypotheSIS that Western RTOR. produced an immediate and stable
change ("increase") in monthly accident rates. The general form of this kind of
model was: S

Yt = xX¢ + N¢

where
Y+ = original data series values, accident frequencies by month
Xt = a dummy transfer series representing RTOR (values of Xt were
all 0 before Western RTOR and 1 after its introduction)
X = the paremeter to be determined by ‘the analysis representing the
empirical change in monthly accident frequencies
Nt = the ARIMA estimate of the accident frequencies _

The Nt ("noise") estimate may include autoregresswe, mtegratlon and/or moving
average components. With monthly accident data, a likely form for the ARIMA
portion of Nt is:

1 - 99812
(1- 012 .

(1 - Bl2)
where ’
B = the "backshift operator" (e.g., B(at) = at-1, BAY¢) = Yi-9)
8t = the residual; i.e., the actual accident frequency minus the value

projected for time period t based on the equation and the frequencies
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for time periods 1 to t-1.

Because the actual data frequently failed to line up to the ideal cyclic pattern,
the actual noise models often contained more or fewer parameters than the
ideal.

Often, this was the only intervention model needed to describe an accident
series. In cases where it was not, it is labelled "Hypothesis Model" in the re-
mainder of the appendix. When this model did not adequately reflect the actual
pattern of accident frequencies, a second "Descriptive Model" was also provided.
In the descriptive model, emphasis was placed on selecting the model form and
parameters which most completely fit the observed data pattern, whether or
not the result was directly relevant to the RTOR test. These descriptive models
are of only indirect interest in the task of assessing Western RTOR.

In New York, where three full years of baseline data existed, separate
models were developed for the pre-RTOR years of 1974-1976. These models were
then used to forecast accident frequencies for 1977 and 1978, and the forecasts
were compared with the actual accident frequencies. In all cases, the differences
between actual and forecast accident figures confirmed both the statistical sig-
nificance and the magnitude of RTOR accident effects determined from the anova
and the intervention analyses. The pre-RTOR models are listed for the New York
accident series.

All Box-Jenkins time.series analyses reported below were done using com-
puter programs developed by Dr. David J. Pack. For all analyses, "backforecasting"
was used—-a procedure which estimates data prior to the actual data series for
smoother and more effective parameter value fitting.

For further information on time series analysis, see for example Box and
Jenkins, 1976, or McCleary and Hay, 1980.



Pedestrians in New York State (Not New York City),
Signalized Locations with Vehicle Turning Right.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Avg.
1974 18 12 11 7 10 7 3 5 6 15 13 9.58
1975 13 5 11 12 9 5 3 9 6 13 16 9.25
1976 6 12 7 4 10 11 7 8 7 8 19 17 9.67
1977 15 9 18 18 13 10 3 6 7 12 19 7 11.42
1978 12 14 16 17 19 8 11 11 15 21 21 24 15.75
Avg. 12.8 10.4 12.6 11.6 12.2 8.2 5.4 7.8 8.2 13.8 17.6 13.0 11.13
Analysis of Variance Time Series Ahalysis
Source  Mean Square d.f. F Model SE residual Q d.f. P
Year 88.483 4 6.868 None 5.081 34.71 . 25 .10
Month 54.739 11 4.249 (1-B12) 5.668 45.94 25 .008
Pre-RTOR 3.905 23.81 23 n.s.
Yr x Mon  12.883 44 Intervention  4.325 18.26 23 n.s.
Models
Pre-RTOR Y¢ - 9.547 = (1 + .564B)at

(36 months)

Intervention

Yy - 9.510

4.26 Xy + (1 + .466B)ay
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Pedestrians in Suburbs of New York City,
Signalized Location with Vehicle Turning Right.

Jan, Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dee, Avg.
1974 5 6 4 1 6 1 2 2 3 3 5 3 3.417
1975 3 1 1 3 2 2 0 4 2 5 6 3 2.667
1976 2 7 2 2 4 5 3 4 2 1 8 6 3.833
1977 8 5 7 5 4 5 2 3 2 7 5 2 4.583
1978 3 8 6 6 8 2 6 4 8 8 5 11 6.083
Avg. 4.2 5.4 4.0 3.4 4.8 3.0 2.6 3.4 3.4 4.4 5.8 5.0 4,117
Analysis of Variance Time Series Analysis
Source  Mean Square d.f. F Model SE residual Q d.f. p
Year 20.275 4 4.288 None 2.322 26.55 25 .39
Month 4.962 11 119 (1-B12) 3.178 33.04 25 .14
Intervention 2.113 24.01 24 47
Yr x Mon 4.148. 44
Model
Intervention: Yy + 3.306 = 2.028X{ + at
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Pedestrians in New York Upstate Urban,

Signalized Location with Vehicle Turning Right.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Avg.
1974 6 4 5 3 3 4 0 3 2 7 3 3.833
1975 8 3 9 4 3 3 2 1 4 5 6 4.417
1976 2 3 2 6 1 2 2 3 6 7 3.333
1977 4 2 9 10 5 3 0 3 3 3 12 4 4.833
1978 4 5 5 7 8 3 3 4 4 11 9 10 6.083
Avg. 4.8 3.4 6.0 5.2 5.0 2.8 1.4 2.6 3.2 6.4 7.2 6.0 4.500
Analysis of Variance , Time Series Analysis
Source  Mean Square d.f. F . Model SE residual Q d.f. p
Year 13.292 4 2.959 None 2.690 44.53 25 .011
Month 16.018 11 3.566 (1-B12) 3.306 68.36 256 .000
' ' Pre-RTOR 1.890 20.31 22 ns.
Yr x Mon 4.492. 44 Intervention  2.398 23.30 22 .39
- Hypothesis 2.267 29.55 22 .20

Descriptive Models

Pre-RTOR: (1 - .485B12) (Y{ - 3.758) = (1 - .383B%ay
(36 months) A ‘

Intervention: (1 - .240*B12) (Y{ - 3.854) = 1.467X¢ + (1 - .433B%ay

Hypothesis Model (Intervention)

(1 - .212"B4) (1 - .898B12) a

Yt = 1.567X¢ +
a - B12)

*parameter not significant

~-H4-
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Pedestrians in New York Upstate Other,
Signalized Location with Vehicle Turning Right.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oect. Nov. Dec. Avg.
1974 7 2 2 3 1 2 1 0 1 5 2 2 2.333
1975 2 1 1 5 4 0 1 4 0 3 5 0 2.167
1976 2 2 3 0 0 5 2 2 2 1 7 4 2.500
1977 3 2 2 3 4 2 1 0 2 2 2 1 2.000
1978 5 1 5 4 3 3 2 3 3 4 7 3 3.583
Avg. 3.8 1.6 2.6 3.0 2.4 2.4 1.4 1.8 1.6 3.0 4.6 2.0 2.517
Analysis of Variance Time Series Analysis
Source  Mean Square d.f. F Model SE residual Q d.f. p
Year 4.683 4 1.788 Non(i 1.771 18,36 25 n.s.
Month 4.635 11 1.769 (1-B12) 2.586 46.38 25 .007
Tnlervention  1.771 20.43° 24 ns.
Yr x Mon  2.620 44
Model
Intervention: Y - 2,333 = .458*X, + a¢

*parameter not significant

-55-




Pedestrians in New York State (not New York City),
Signalized Location with Vehicle Turning Left.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Avg.
1974 36 23 27 25 22 10 10 13 19 33 34 34 23.83
1975 36 27 16 19 17 11 15 16 19 34 25 39 22.83
1976 30 28 33 21 12 14 12 9 24 24 22 31 21.87
1977 17 24 33 17 12 24 14 17 21 33 38 48 24.83
1978 24 20 31 25 16 21 18 15 20 36 25 45 24.67
Avg. 28.6 24.4 28.0 21.4 16.8 16.0 13.8 14.0 20.6 32.0 28.8 39.4 23.57
Analysis of Variance Time Series Analysis
Source  Mean Square d.f. F Model SE residual Q d.f. p
Year 21.10 4 L7129 None 9.134 179.72 25 .000
Month 324.03 11 11191 (1-B12) 7.038 46.13 25  .008
Pre-RTOR 5.065 26.22 23 .30
Yr x Mon  28.954 44 Intervention 4.648 26.08 23 .30
- Hypothesis 5.605 34.21 23 .07
Descriptive Models
Pre-RTOR: (1-B12)y; = (1 - .845B12)ay
(36 months)

Intervention:  (1-B12)y,

1.167X¢ + (1 - .454B10) (1 - .931B12)a,

Hypothesis Model (Intervention)

Y¢ = 1.975%X¢ +

*parameter not significant

(1 - .910B12)

(1-B12)

-56~




]

Pedestrians in New York State (not New York City),

Signalized Location with Other Vehicle Actions.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Avg.
1974 66 63 80 60 68 84 71 73 64 76 78 101 73.67
1975 75 68 68 67 87 63 60 80 81 81 79 99 75.67
1976 81 51 92 72 62 85 75 55 56 101 71 72 73.25
1977 66 69 96 72 72 61 60 56 80 81 90 88 74.25
1978 71 65 70 61 70 76 48 54 72 81 88 93 70.75
Avg. 71.8 63.2 81.2 66.4 71.8 73.8 62.8 63.6 70.6 84.0 82.4 90.6 73.52
Analysis of Variance Time Series Analysis
Source Mean Square d.f. F Model SE residual Q d.f. p
Year 38.775 4 .387 None 12.471 34.91 25 .10
Month 420.198 11 4.202 (1-B12) 14.864 61.38 25 .000
Pre-RTOR 10.433 26.81 22 .25
Yr x Mon 99.996 44 Intervention 8.833 26.78 23 .26
Hypothesis 9.657 22.78 22 .42

Descriptive Models

Pre-RTOR:
(36 months)

Intervention:

(1 - .631B12) (Y; - 74.85) = (1 - .641B2)ay

(1-BL2)Y, = - 2.141X,+ (1 - .454B2) (1 - .927B12)a;

Hypothesis Model (Intervention)

Yt = - 2.944X¢ +

(1 - B1?)

(1 - .450B%) (1 - .913B12)
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Pedestrians in New York State (not New York City),

Unsignalized Locations.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Avg.
1974 593 520 565 652 744 768 673 641 637 701 614 663 647.58
1975 591 552 541 599 827 752 690 656 678 . 775 604 731 666.33
1976 730 524 636 668 689 733 630 619 598 653 541 702 643.58
1977 666 545 594 614 716 666 625 642 578 643 598 707 632.83
1978 715 656 657 564 665 676 591 626 649 630 568 661 638.17
Avg. 659.0 559.4 598.6 619.4 728.2 719.0 641.8 636.8 -628.0 680.4 585.0 692.8 645.7
Analysis of Variance Time Series Analysis

Source  Mean Square d.f. F Model SE residual Q d.f. p

Year 1968.19 4 .894 None 65.854 67.14 25  .000

Month 13740.2 11" 6.242 (1-B12) 58.408 51.83 25  .002

Pre-RTOR 44.401 20.29 23 n.s.

Yr x Mon 2201.23 44 Intervention 40.700 20.05 22 ns

21.76 22 n.s.

Hypothesis 45.562

Descriptive Models

Pre-RTOR: (1-B12)yy = (1 + .645B3) (1 - .781B12)ay

(36 months)
Intervention:  (1-B12)Yy = - 12.26#X¢ + (1 + .472B) (1 - .354B%) (1 - .908B12)a;

Hypothesis Model (Intervention)
(1 + .560B) (1 - .888B12)
at
@ - B12)

Yy = - 18.32°X¢ +

*parameter not significant
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Pedestrians in New York City,
Signalized Location with Vehicle Turning Right.

(1 - B12)

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Deec. Avg.
1974 42 61 36 41 37 33 31 28 39 42 59 56 42.08
1975 40 36 31 35 54 33 32 31 46 37 32 41 37.33
1976 48 48 31 32 34 34 28 29 35 45 43 59 38.83
1977 73 48 43 41 47 30 37 31 41 45 55 42 44.42
1978 49 36 49 41 41 35 36 31 55 50 51 65 44.92
Avg. 50.4 45.8 38.0 38.0 42.6 33.0 32.8 30.0 43.2 43.8 48.0 52.6 41.5117
Analysis of Variance Time Series Analysis .
Source  Mean Square df. F Model SE residual Q df. p
Year 134.975 4 2.380 Nomi 10.009 - 70.52 25 .000
Month 262.380 1 4.646 (1-B12) 11.700 3442 25 .11
Pre-RTOR 7.301 30.91 22 .11
Yr x Mon  56.474 44 Intervention 8.016 25.44 24 .39
Models
Pre-RTOR: (1-B12)Y; = (1 - .557B3) (1 - .882B12)a,
(36 months)
(1 - .902B12)q
Intervention:  Y¢ = 5.278Xy + -
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Bikes in New York State (not New York City),
Signalized Location with Vehicle Turning Right.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Avg.

1974 3 0 0 2 12 18 21 18 8 5 2 2 7.583
1975 3 1 1 2 15 21 17 15 12 10 7 2 8.833
1976 1 2 4 5 10 16 23 17 7 10 2 1 8.167
1977 2 3 b 14 26 39 26 27 24 10 5 1 15.167
1978 0 0 4 8 19 38 32 35 17 13 8 2 14.667

Avg. 1.8 1.2 2.8 6.2 16.4 26.4 23.8 224 13.6 9.6 4.8 1.6 10.883

Analysis of Variance Time Series Analysis

)

Source  Mean Square d.f. F , Model SE residual Q d.f. p
Year 165.40 4 9.025 None 10.333 288.67 25
Month 439.29 11 23.970 (1-B12) 5.958 56.05 25 88(1)
Pre-RTOR 2.369 28.52 23 .
Yr x Mon  18.327 14 Intervention 3.235 26.77 24 :lig
Models!
Pre-RTOR: (1-B12)Y, = (1 + .720B) (1 - .824B12)a¢

(36 months)
- Rl2
(1 - .888B )at

Intervention: Y¢ =:2.24W¢ + 12.978¢ +
(1 - Bl?)
1Because bicycle accidents in New York State were heavily concentrated in May-September, two transfer
series were used to separate the winter and summer changes in accidents after RTOR. The winter series,
W¢, had the value 1 for January-April and October-December in 1977 and 1978, the value 0 in all other
months. The summer series, St, had the value 1 for May-September in 1977 and 1978, the value ¢ in all
other months. Thus, the coefficients correspond roughly to the increase (if positive) in accidents per
month during RTOR, for the months with S¢ or W¢ = 1. .
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Bikes in Suburbs of New York City,
Signalized Location with Vehicle Turning Right.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Avg.
1974 3 0 0 0 4 8 7 2 2 1 1 2.917
1975 3 0 1 1 6 6 6 6 2 4 2 3.417
1976 1 0 3 3 9 7 7 1 6 1 1 3.583
1977 1 3 3 6 15 19 11 11 15 7 3 0 7.833
1978 0 0 2 5 8 18 12 14 11 10 4 1 7.083
Avg. 1.6 .6 1.8 3.0 7.6 11.2 8.8 9.0 7.0 5.4 2.6 1.0 4.967
Analysis of Variance Time Series Analysis
Source Mean Square d.f. F Model SE residual Q a.f. p
Year 63.650 4 8.291 None 4.741 171.97 25 .000
Month 66.685 11 8.686 (1-B12) 3.690 52.44 25 .002
Pre-RTOR 1.805 26.92 22 .22
Yr x Mon 7.677 44 Intervention  2.274 17.92 24 ns.
Models
Pre-RTOR: (1 - .834B12) (Y¢ - 3.539) = (1 - .477B5)ay
(36 months) :
- 12
Intervention: Y¢ = 1.54W¢ + 7.78S¢ + (l_ﬁG’l_B_)_at

(1 - B12)
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Bikes in New York Upstate Urban,
Signalized Location with Vehicle Turning Right.

June July . Aug. Sept. Oct. Nov. Dee.

Jan. Feb. Mar. Apr. May Avg.
1974 0 0 0 0 3 10 7 3 0 1 1 2.667
1975 0 1 0 1 4 6 5 2 6 3 0 2.917
1976 0 1 1 1 5 12 7 2 2 0 0 3.083
1977 0 0 1 5 8 13 12 e 5 2 1 0 4.583
1978 0 0 2 3 6 13 18 11 2 2 2 1 5.000
Avg. 0.0 4 .8 2.0 5.2 8.2 11.6 7.6 2.8 2.4 1.4 4 3.65
Analysis of Variance Time Series Analysis
Source  Mean Square d.f. F Model SE residual Q d.f. p
Year 13.558 4 3.820 None 4.186 262.32 25 .000
Month 74.841 11 21.087 (1-B12) 2.386 47.44 25 .006
Pre-RTOR 1.556 24.58 22 .32
Yr x Mon 3.549. 44 Intervention  1.730 30.76 24 .17
Models
Pre-RTOR: (1-B12)y, = (1 - .328"B3) (1 - .868B12)a,
(36 months) 4
Intervention: Y¢ = 50w, + 3.875¢ + (L-_ﬂ!ﬁ_Bl?la

(1 - B12)

*parameter not significant
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Bikes in New York Upstate Other,
Signalized Location with Vehicle Turning Right.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Deec. Avg.
1974 0 0 0 2 2 7 3 4 3 3 0 0 2.0
1975 0 0 0 0 7 8 5 4 4 2 0 0 2.5
1976 0 1 0 1 1 1 4 3 4 2 1 0 1.5
. 1977 1 0 1 3 3 7 3 8 4 1 1 1 2.75
1978 0 0 0 0 5 7 2 10 4 1 2 0 2.583
- Avg. 2 2 2 1.2 36 60 34 58 38 1.8 -8 2 2.267
Analysis of Variance Time Series Analysis
Source  Mean Square d.f. F Model SE residual Q d.f. p
Year 3.1417 4 1.368 None 2.524 172.76 25 .000
Month 23.830 11 10.378 (1-B12) 2.173 40.57 25 .03
Pre-RTOR 1.727 18.82 23 n.s.
Yr x Mon 2.296 44 Intervention  1.606 23.65 24 n.s.
Models
Pre-RTOR: (1-B12)Y; = (1 - .844B12)a,
(36 months) .
- 12
Intervention: Yy = .20%Wy + 1325y + L= 89589,
(1 - B1?)
*parameter not significant
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Bikes in New York State (not New York City),

Signalized Location with Vehicle Turning Left.

Jan. Feb., Mar. Apr. May June July Aug. Sept. Oct. Nov. Deec. Avg.
1974 2 2 5 11 8 43 41 30 17. 12 7 5 15.25
1975 4 5 6 9 21 20 30 22 13 8 9 5 12.67
1976 1 3 9 10 12 24 26 29 16 10 5 3 12.33
1977 1 5 1 10 13 27 30 25 16 13 2 2 12.08
1_978 1 0 2 6 21 34 45 20 22 16 12 7 15.50
Avg. 1.8 3.0 4.6 9.2 15.0 29.6 34.4 25.2 16.8 11.8 7.0 4.4 13.57
; .
Analysis of Variance Time Series Analysis
Source  Mean Square  d.f. F Model SE residual Q d.f. p
Year 33.308 4 1.622 None 11.372 313.31 25  .000
Month 599.447 11 29.192 (1-B12) 6.289 14.18 25 ns.
Pre-RTOR 6.937 —_ — -
Yr x Mon  20.535 44 Intervention”  6.143 15.65 25 n.s.
' Hypothesis 6.340 13.74 25 n..
Descriptive Models
Pre-RTOR: (1-B12)y, = a¢
(36 months)
Intervention:  (1-B12)Yy = .214*Wg + 3.50%S¢ + a¢

Hypothesis Model (Intervention)

Y¢ = - 1.00*W, + .80%Sy +

*parameter not significant

.—_____.at
(1 - B12)
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Bikes in New York State (not New York City),

Signalized Location with Other Vehicle Actions.

Models

Pre-RTOR:
(36 months)

44

(1-B12)y; = (1 - .852B12)g;

- 12
Intervention: Yy = 3.22°W, + 3.95%5, + L= 91587
@ - B1?)

*parameter not significant

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Deec. Avg,
1974 10 4 12 42 55 86 114 93 51 31 21 8 43.917
1975 10 4 16 22 51 100 133 84 62 43 30 10 47.083
1976 9 17 44 57 119 126 79 52 23 18 4 45,917
1977 6 23 42 80 96 1 86 62 40 32 10 49.167
1978 2 14 45 70 104 119 81 71 44 23 13 49,167
Avg. 5.8 5.0 16.4 39.0 62.6 101.0 120.6 84.6 59.6 36.2 24.8 9.0 47.05

Analygic of Varianea Time Series Analysis

Source  Mean Square d.f. F Model SE residual Q@ 4. p

Year 60.192 4 .992 None 38.230 ‘ 501.10 25 .000

Month 7574.57 11 124.769 (-p12) 10.916 41.64 25 .03

Pre-RTOR 9.088 30.16 24 .19
Yr x Mon 60.709 Intervention 8.208 36.07 24 .06




Bikes in New York State (not New

York City),

Unsignalized Location.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Avg.
1974 80 71 143 396 603 911 964 965 598 350 174 81 444.67
1975 83 68 116 264 723 903 983 817 495 372 222 78 427.00
1976 44 71 192 427 512 806 857 763 507 301 129 51 "388.33
1977 24 61 197 370 718 713 804 820 492 297 144 83 398.58
1978 23 26 113 307 510 862 778 840 528 343 157 79 380.50
Avg. 50.8 59.4 152.2 352.8 613.2 851.0 877.2 841.0 524.0 332.6 165.2 74.4 407.82

Analysis of Variance Time Series Anhlysis

Source  Mean Square d.f. F Model SE residual Q d.f. p

Year 8810.93 4 3.056 Non(i 316.95 - 530.58 25 .000

Month 524077.00 11 181.742 (1-B12) 79.90 40.09 25 .04

Pre-RTOR 63.605 35.55 23 .05
Yr x Mon 2883.64. 44 Intervention 56.412 3002 24 .19
Hypothesis 60.092 29.66 24 .20
Descriptive Models
Pre-RTOR: (1-B12)y, = - 28.35 + (1 - .854B12)a,
(36 months)
' - 12
Intervention!: Yy = 47.290"Wy + 17.737%Sy + 26.033T¢ + (1( '91"1‘;) )
: 1-B

Hypothesis Model (Intervention)

Yy = - 18.72*Wy - 48.365¢ +

*parameter not significant

a- .9131312)E
(1 - Bl2)

1To reflect the significant overall drop in accidents during the baseline period, a "downtrend" series was

added for the intervention analysis.

in 1977 and 1 in 1978 to project the downtrend into the RTQR period.

That series, T¢, had the value 5 in 1974, 4 in 1975, 3 in 1876 and 2
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Bikes in New York City,
Signalized Location with Vehicle Turning Right.

(36 months)

Intervention: Yy = - .055°W; + 2.976S; +

(1 - .235"B2) (1 - .908B12)

*parameter not significant

(1 - B12)

Jan. Feb. ~ Mar. Apr. May June July  Aug. Sept. Oct. Nov. Dec. Avg.
1974 1 0 2 7 12 13 23 19 18 7 1 1 8.667
1975 5 3 7 9 14 26 17 15 13 12 8 0 10.750
1976 2 3 6 13 11 23 26 27 21 5 1 1 11.583
1977 0 1 6 10 28 21 18 20 26 2 3 11.917
1978 1 0 4 15 12 26 29 20 15 7 1 11.333
Avg. 1.8 1.4 50 108 154 21.8 226 20.2 18.6 7.6 3.8 1.2 10.850
Analysis of Variance Time Series Anélysis
Source  Mean Square d.f. F Model SE residual Q df. p
Year 20.058 4 1.289 Noni 8.015 415.40 25 .000
Month 356.804 11 22.934 (1-B12) 6.255 75.44 25  .000
Pre-RTOR 3.932 28.46 22 .7
Yr x Mon  15.558 44 Intervention 4.147 37.90 23 .03
Models
Pre-RTOR: (l-B")Yt = 1159 + (1 - .69782) (1 - .948B3)ay




, Ohio Pedestrian Accidents,
Signalized Location with Vehicle Turning Right.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Dec. Avg.
1974 5 8 10 8§ 7 10 5 8 8 10 6 7.583
1975 11 15 9 11 10 13 10 14 18 17 12 12.167
1976 18 14 21 18 16 10 8 9 12 15 13 17 14.250
1977 5 12 10 13 11 11 15 & 10 12 13 25 12.083
1978 5 13 31 8 11 12 a 12 18 9 25 13.417
1979 20 17 17 14 15 7 6 15 21 16 16 14.333
Avg. 10.7 13.2 16.3 12.0 11.7. 8.2 10.8 7.8 11.8 15.3 13.0 16.8 12.306

Analysis of Variance Time Series Analysié

Source  Mean Square d.f. P Model SE residual Q d.f. p

Year 75.588 5 4.320 Orig .5.145 27.17 25 .35

Month 48.995 11 2.800 (1-B12) 6.257 28.19 25 .31

n ,Gas) 4. 13. 23  n.s.

Yr x Mon 17.498 . 55

Modei!

Intervention:
(RTOR and Gas Shortage)

*parameter not significant

(1 - .316B12) (Y, - 8.675) =

5.347X¢ - 2.352%Gg + a4

1Because the data covered periods of significant gasoline shortages, the Gt series was added to the Ohio
and Wisconsin analyses to allow for the possibility of reduced accident levels while gasoline shortages
seriously curtailed driving. Gt had the value 1 for October 1973 through April 1974 and May through
September 1979; for all other months, Gy was zero. .
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Ohio Bike Accidents,

Signalized Location with Vehicle Turning Right.

*parameter not significant

(1 - B1?)

Jan. Feb, Mar. Apr. May June July Aug. Sept. Oct. Nov. Dee. Avg.
1974 0 0 2 2 3 10 G 8 5 2 3 1 3.5
1975 0 1 1 5 3 € 19 21 8 8 5 1 6.5
1976 0 0 4 ] 8 14 12 14 8 8 4 2 6.5
1977 1 0 3 2 18 11 11 13 8 6 4 2 6.6
1978 0 1 2 5 10 14 11 13 11 6 4 1 6.5
1979 1 0 3 3 1 13 13 12 n 8 1 4 6.3
Avg. 3 3 2.5 3.8 8.2 113 12.0 13.5 2.5 670 3.5 1.8 5.99
Analysis of Variance Time Series Analygis
Source Mean Square d.f. F Model SE residual Q d.f. p
Year 17.880 5 2.594 Orig 5.155 425.79 25 .000
Month 128.953 11 12,709 (1-812) 3.833 24.92 25 n.s.
' Int (RTOR,Gas)2.254 26.88° 24 .32
Yr x Mon 6.893 55 -
Model
- 12
Intervention:  Y¢ = .796"Wy + 6.378; - .794°G, + L= 91689,
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Wisconsin Pedestrian Accidents,

Signalized Location with Vehicle Turning Right.

Yr x Mon 8.070 66

Model

Intervention: (1 - .139*B12) (v
KTOR and Gas Shortage

*parameter not significant

t - 3.454) = 3.570Xt - 707Gy + &y

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Deec. Avg.
1973 4 6 8 1 2 4 0 1 4 3 1 5 3.25
1974 5 11 2 2 3 2 3 4 3 2 6 8 4.25
1975 3 4 1 0 2 1 2 7 6 8 4 8 3.83
1876 10 16 10 4 4 13 4 8 4 7 8 8 8.08
1977 11 12 6 5 1 3 2 8 11 10 5 6.67
1978 7 9 3 10 14 9 3 8 13 5 7 11 8.25
1979 2 5 5 7 6 4 ] 7 6 10 5.42
Avg. 6.0 9.0 5.0 4.3 5.1 4.9 2.7 4.9 6.4 6.0 6.0 7.9 5.68

Analysis of Variance Time Series Analysis

Source  Mean Square d.f. F Model SE residual Q d.f. p

Year 49.567 6  6.142 Origl 3.534 42.21 25 .02

Month 18.756 11 - 2.324 (1-B12) 4.628 53.21 25  .002

Intervention 3.108 25.90 25 .35
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Wisconsin Bike Accidents,
Signalized with Vehicle Turning Right.

Jan. Feb. Mar. Apr. May June July Aug. Sept. Oct. Nov. Deec. Avg.

1973 0 0 1 0 4 8 5 2 6 0 0 0 2.167
1974 0 0 1 1 4 7 6 4 0 3 g 2 2.333
1975 0 0 0 1 5 5 10 7 4 5 1 1 3.250
1976 0 1 1 2 2 5 5 9 5 3 0 1 2.833
1977 0 1 6 2 6 7 11 12 3 4 0 0 4.333
1978 0 i} 0 1 7 8 13 8 6 3 5 0 - 4,250
1979 0 0 0 6 7 12 7 11 i 4 0 1 4,583
Avg. 0.0 .28 1.3 1.9 5.0 7.4 8.1 7.6 4.4 3.1 .9 N 3.393
Analysis of Variance Time Series Analysis

Source  Mean Square d.f. F . Model SE residual Q af. p

Year 11.992 6  3.232 Orig 3519 389.98 25 .000

Month 64.652 11 17.424 (1.312) 2.516 71.48 25 .000

Int; RTOR 1.981 356.47 24 .07

Yr x Mon 3.711 66 Int9 RTOR 1.883 24.00 23 4

Models
- 12
Intervention;: Y¢ = .964'wt + 2.7925¢ + {1___.21_:)_1_3;_)3
(RTOR only) (1 - B12)
- 8 - 12

Interventiong: Yy = 1.477Wy+ 2.1325; + (L= +621B7) (1 - .856B°%)
(RTOR only? a - Bl?%)




New Orleans Pedestrian Accidents,
Signalized Location with Vehicle Turning Right.

Jan. Feb. Mar. Apr. May June ‘July Aug. Sept. Oct. Nov. Dec. Avg.

La)

1973 1 1 1 1 2 0 2 0 0 0 1 1 .833
1974 1 0 6 0 1 0 2 1 2 1 0 2 1.333
1975 2 1 0 0 2 1 1 1 0 3 0 1 1.000
1976 3 1 1 1 2 0 0 2 0 1 2 2 1.250
1977 2 1 3 3 4 3 1 1 2 1 2 2 2.083
1978 0 2 4 (2.000)
Avg. 1.5 1.0 2.5 1.0 2.2 .8 1.2 1.0 .8 1.2 1.0 1.6 1.333
Analysis of Variance Time Series Analysis
Source Mean Square d.f. F Model SE residual Q d.f. p
Year 2.300 5 1.802 Orig, 1.191 20.44 25 n.s.
Month 1.618 =~ 11 1.268 . (1- 12) . 1.616 27.16 25 .36
Yr x Mon 1.276 46 ° Intervention 1.122 26.80 24 .32
Model

Intervention: Yt - 1.067 = .933X¢ + ag
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